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PREFACE 


Ever since the foundation of the Muir Central College in 
the early seventies of the last century, research work in 
various departments of studios has been carried on at Allahabad 
by several scholars. With the single exception perhaps of 
‘ Indian Thought,’ which was a quarterly Journal of oriental 
research conducted by the late Dr. Thibaut and the under- 
signed, no attempt has hitherto been made to help the 
preservation or publication of the results of those researches. 
WMth the re-organisation of our University on the unitary basis, 
and the consequent stress laid upon research, it seems to be 
essential to provide for a vehicle for rest:arches that are being 
carried on under the University. As a modest beginning we 
are publishing this year, a single number of our Studies, 
wherein are contained contributions from the several departments 
of the University. 

It will be seen that all the departments of the University 

have not been able to send their contributions. It is hoped 

that this does not mean that these departments have done 

nothing worth publishing, and that it has been due to that 
lack of punctuality which hampers so much of our work ; 

and yet we could not wait longer, as the Press was persistent 
in its demand for matter. This has also been the reason why 
we could not ask for and obkiin contributions from our associated 
Colleges. 

It is not easy to ascertain what position this Journal will 
win for itself in the world of scholarship and research. The 


price fixed for it therefore should be^egardod as entirely 
provisional ; it will depend upon the suppdrt that it secures 
for itself from the public. 

Gajw^Inatha JlIA, 

^ Vice-Chancellor^ 




CONTENTS 


Page. 

1. . Meteorology in Ancient India — Ganganatha Jha . . 1 

2. A Contempomry Life of Akbar in Sanskrit — by Amara- 

natha Jha, M.A 15 

3. The ManaSilra and Vitruvius— P. K. Acharya, M,A., 

D. Lit., LK.S 21 

4. Persian Loan-words in the Rriinayan of Tulsidas— 

Baburam Saksena, M.A 63 

5. Synthetic Gradation in Indian Thought — Umesha 

Mishra, M.A., Kavyatlrtha ...... 77 

6. The Vr^akapi Hymn — Ksetresha Chandra Chattopa- 

dhyalya 97 

7. Apabhramsha Literature — Hira Lai Jain, LL.B. 154 

8. Identity of the present dialects of Hindustan with 

the ancient jatiapaclas — Dhirendra Varina, M.A. . 189 

9. The Realism of David Hume — by Anukul Chandra 

Mukerjeo 213 

10. On Vertical and Horizontal pressures on a rough 

cycloidal pulley due to the motion of a heavy in- 
extensible chain over it — A. C. Banerji, M.A., and 
S. K. Mukerji, B.Sc 237 

11. The Conception of Muslim Marriage — Mahomed 

U. S. Jung, B.A., LL.B. (Cantab.) Bar-at-Law . . 257 

12. Negative Catalysis in oxidation rcactiojis — N.R.Dhar 269 

13. Studies in Adsorption — S. Ghosh and N. R. Dhar . 293 

14. Studies in Adsorption XI — S. Ghosh and N. R. Dhar 335 

15. On the Stability of colloidal solutions— Kshitish 

Chandra Sen and Moolraj Mehorotra . , ^ . 367 

16. New ideas on spectrum analysis- N, K. Sur . . 395 




HUababab 

TUnipersit^ journal 


VOL. I 1925 No. 1 


METEOROLOGY IN ANCIENT INDIA. 


GANGANATHA .JHA. 

We have been taught to Ixjlieve that Meteorology is a 
new science, — even in the West; and that in India it is 
something absolutely new. This notion, like many others 
I’elating to this unfortunate coimtiy, is based upon wrong 
assumptions. But the blame for this does not rest upon tiny 
bod3^ It rests upon the circumsttince lhat what we know of 
Meteorology is found in works relegated to the dubious realm 
of Astrology. And nobody has taken the trouble to look 
deeper and see if there is anything in those works beyond the 
oft-discredited subject of Astrology. Astrology may be no 
science ; it may even bo ctdlcd a pseudo-science ; but that 
need not mean that books dealing with Astrology can contain 
nothing valuable. People who wrote these books were not 
ignoramuses; they fortunately or unfortunately have dealt 
wdth many things which, though in their minds, iJlied to 
Astrology, have not much direct connection with it. Tins is 
what has happened to Meteorology. Our old astronomers 
believed in the influencii of Planets over our Efirth ; and it is 
tliis general belief tliat led them to mix up Astrology with 
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many other subjects connected with it only remotely. And 
as 1 shiill attempt to show, I have foaod by actual observation 
that the pijsition of the Siui at any rate does exert a distinct 
influence upon atmospheric conditions. A brief analysis of 
what oiu' writers have said regarding Meteorology mil also 
show that they believed, — and this belief rested upon actual 
observation, — ^in the influence of the Moon also. 

This science is veiy ancient The earliest rewrd that 
we have found is in Brhatsamhita, the encyclopedic work 
of the ‘ gem ’ Varahamihira, generally believed to have lived 
in the fifth century A.D. But he iefer,s to, and sometimes 
quotes from, a number of Rsis, whom even sa^ptical modern 
chronology connects with pie-Christian times, — Garga, Para- 
shara, Kashyapa and so forth. To a much later period 

belongs another work named Vcmamdla, which deals 
entirely with the subject of Eainfall. Later on again, we 
have a large number of proverbs ciUTent amongst us, 
which are apparently based on direct observation, — may 
be, on insufficient data. But tire observation and the 

deductions are there, showing that the science has been 
a living one. 

The story connected with the origin of the proverbs 
is interesting, and is ciuiously enough connected with 

tJie great astronomer Varahamihim referred to above. 
It is said that (he gieat astronomer, away on a distant 
pilgrimage, suddenly diseoveied tliat a ceiiain day and 
time, a few days forwai'd, were so auspicious that a 
child born then would turn out to be the greatest 

iistrologer and astronomer. Anxious to secure such a 
child for himself, he left for home ; but unluckily he 

could not reacli home in time ; he had to pass the auspicious 
day in a village, still hu- off from his home. He 

tmmaged however to get himself raarrietl to the girl of 
a shepherd on the same day and from her obhiined a 

child who, though he could not be educated in the 
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proper fashion of a Brahmanii, turned out by intuition 
to be a great astrologei’\j and the meteorological proverbs 
that* have come to us are believed to have been his 
sayings. 

Many of these prov.erbs have btien collecUKl by 
John Christian in his ‘ Bihai* Proverbs ’ (Trubner’s 
Oriental Series) and by Sir George Gnerson in his 
‘ Bihar Peasant Life.’ 

We know that during the year the Sun passes along 
the ecliptic through its twelve divisions, called the ‘twelve 
signs of the zodiac.’ Each of these signs has been roughly 
divided into 27 ‘ asterisms, ’ also called ‘lunar mansions’. 
During our rainy sesison, — i.e., from May to October — ^the 
Sun passes through twelve of these ‘asterisms’, — 

(I) Belli ni (2) Mrgashiras 

(.3) Ardra (4) Punarvasu, 

(5) Pusya (6) Ashlesa 

(7) Magha (8) Purvaphalguni 

(9) UttaraphsUguni (10) Hashi 

(II) Chitra (12) Svati 

The day on which tlie Sun passes from one asterism 
into another is marked in our almanacs. I have been 
mai’king the atmospheric conditions on these days, and 
have invariably found that near about the day so marked 
there is a marked change. I say ‘near about’ because 
our almanacs suo not so^ accurate as the more scienti- 
fically compiled Nautical Almanac. My observation extends 
only thus fm ; and I feel justified in deducing the conclusion 
tliat the position of the Sun in relation to the asterisms 
has a marked influence upon our atmospheric conditions. T 
have not followed up the subject of forecasting what the 
actual change will be. This is a matter on which we 
have elaborate directions regarding observations extending 
over nefirly the whole year. We are taught, for instance, 
that the atmospheric conditions obtaining during the 
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month of November or Decemlx*!’ are indications of the 
conditions that will obtain 195 days later. There need 
be nothing imscientifie in this; if the atmospheric scon- 
ditions in the island of SychelU^s can be indicative of rain 
in the Gangetic plain, to come after some weeks, thei’e 
need be nothing crude about the notion of future rainfall 
l>eing imlicated by conditions appearing six months earlier, 
especially when we note that the observation should not 
rest here ; it has to extend over the entire period of these 
195 days; and the indications of -November may be upset 
by tliose appearing later on. 

We shall now proceed to see what our authors have 
got to say on tliis subject. 

For the purpose of finding out what amount of rain 
we shall liave dming the season known as the ‘rains’, one 
has to take note of atmospheric c*onditions, six months earlier. 
In the graphic language of our poet-pliilosophcrs, the clouds 
be(!ome ‘pi'egnant’ during the autumn- winter and ‘give birth’ 
to rain six months later. As for the days during which 
‘conception’ takes plaw, thei’e is a slight difference of opinion. 
According to some ( Siddhasena and his followers ), says 
Varaharaihira, ‘ conception ’ takes place after the bright fort- 
night of the month of Kartika (Oct.-Nov.) ; but according 
to Garga (Vashistha, Parashara, Rsiputra and Kashyapa), 
the symptoms of the ‘ conception ’ of the clouds should be 
observed during the days of the bright fortnight of tJie month 
of Margaslursa (Nov.-Dee.),- — beginning with that day on 
wliich the moon may be in the asterism of Purvasadha. 

Note — Thp nanios of the months may be roughly rendered 
as follows : — 

Kartilca =October— November Fais/ittMrt= April— May 
Maraa =November-^Docem- Jye^tha =May — June 

ber. Asddha =June — July 

Patiqa =December — January Shravana =Jnly- August 

Magha =Jannary— February Bhddm =August— September. 

Phdlgwia =February- March Ashvihna = September— October. 

Ohaitra =March — April 
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Tlio ‘ delivery ’ — i. e. ‘ birth of the rain ’ — takes pla«* 
after 19;") days. Tlie rain having been ‘conceivefl’ on a 
(Miitain day during Noveniher-Deceniher, when the moon has 
been in (ionjunction with a certain asterisin, it will be 
‘born’ after lO;") days (six months and a half), on that daj’^ 
when the moon again comes into conjunction with tliat same 
asteiism. 

If the ‘conception’ has oeeiu’red during the brighter 
fortnight, tlie ‘delivery’ takes place during tlie darker 
fortnight, — after 10;") days ; — if the former has occun“e<l during 
the night, the latter comes during the day; — jind if the 
former has happened at sunrise or at sunset, the later comes 
at sunset or simrise res^iectively and ‘conception’ on the 
moon-less day leads to ‘deliveiy’ on the full-moon day. 
But if the ‘conception’ takes place during the brighter 
fortnight of the month of c'ither Marga or Pausa, the resultant 
rain is small. 


Atrnosphoric ‘ coiicoiUion ’ 
during 

Is indicative of rainfall 
during 

Pausti (Bocond half) 

Shrnvana (first half) 

Magha (first half) 

Sliravana (second lialf) 

Maglia (socoiicl half; 

Blifidra (first half) 

PJialgiina (first half) 

Bhadra (second half) 

Phalgnna (second half) 

Ashvina (Jirst half) 

Ohaitra (first half> 

Ashvina (second half) 

(Uiaitra (second half) 

Kartika (first half) 


The same opinion has bcon ludd also by Garga and 
Parashara ; the later holding that ‘conception’ during the 
clay brings rain during the night and vice versa. 

Tf at the time of ‘conception’, clouds have appeared 
in the East, then at the time of ‘ birth e. actual rain, — 
they will appear in the West; and so on with the other 
quarters. Similarly, if at the time of ‘conception’, the 
wind has blown from the blast, then at the time of 
rain, it will blow from the opposite quarter. 
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SIGNS OF ‘CONCEFllON’ 

Atmospheric conditions indicative of future^ 
rainfall. 

(1) Pleasant wind, (2) soft wind, (3) northerly wind, 
(4) north-easterly wind, (5) easterly wind, (0) clear 
sky, (7) soft, wliite and deep lialo round the moon or the 
sun, (8) sky ON'creast with extensive, deep and soft clouds, 
(9) needle-shaped clouds, (10) razor-shaped clouds, (11) 
blood-red clouds, (12) dark-coloured sky, (13) blue-coloured 
sky, (14) bright moon, (lo) bright stars, (16) rain-bow 
in the morning or in the evening, (17) thunder, (18) lightning, 
(19) appearance of a second sun, (20) sweet tmd pejiceful 
sounds emanating from birds and wild animals, from the 
North on the North-East or the East; (21) Planets shining 
in the full form and with soft light, (22) trees witli roots 
growing freely, (23) men and cattle appearing happy. 

These are the signs geneniUy indicative of future 
rainfall. 

The observer has been directed by Pai'a.shara to take 
observations, during the four months beginning with Magha, 
of all phenomena relating to Rainbows, Clouds, Lightning 
and Thunder. These phenomena are indicative of tlie 
quantity of rainfall during the succeeding rainy months. 

Tlie details of these observations have been described 
by V.arahamiliira (21-19 et saj) : — The following are signs 
indi(*ative of good rainfall: — 

.During the months of Marga and Pausa (Noveraber- 
January) — ^Red .sky in the morning and in the evening; 
clouds with solai- and lunar halos ; and le,ss than usual cold. 

During the month of January-February : — High winds; 
Frost and Mist obscm’ing the light of tlie Sun and of the 
Moon; Sun’s rays cool like ice; dim moonlight; excessive 
cold; sunrise and sunset under clouds. 

During the month of February-March, — ^Dry high 
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winds; appearance of clouds; soft but broken halos round 
the Sun and the Moon; tawny colour of the Sun; cop- 
per c&lour of the Sun. 

During the month of March-April — winds, clouds, 
niin, halos. 

During the month of Apiil-May — halos accompanied 
by clouds, winds, rain, and thunder. 

During the months of ‘conception’ (Kovernbei’ — 
May) — if the clouds that appear are of the colour of 
either silver or pearl or the Tamala-leaf or the blue 
lotus or soot or jiquatic animals, — ^then the msidtant 
rain during the season is profuse. If the clouds are 
IjCiited by the rays of the Sun, or accompanied by slight 
winds, — then the rain that follows after 195 days is too 
ex(!essive. 

The following are the phenomena that tend to nullify 
the chances of rain indieatcxl by the phenomena describetl 
above : — (1) Fall of meteors, (2) Lightning, (8) Shower of 
dust, (4) Bui*ning of the quarters, (5) Earth-quake, (0) 
Appearance of palaces in the clouds, (7) Comets, (8) Im|>act 
of Planets, (9) Signs of blood, flesh, fat, butter or oil in 
the rain-water, (10) Riiinbow, (11) Eclipse, (12) Thunder 
without clouds and (18) Hails. 

It is explained that if any of these phenomena appear 
after the appearance of the phenomena that have been 
described as indicative of rain, they are to h(( regiuded as 
nullifying those indications, and thereby retlucing the possibility 
of nunfall. 

Fiu-ther, if, during the montl\s of ‘ conception the 
phenomena appetuing tue found to be contraiy to those 
ilescribed as indicative of rain, — then the chances of rainfall 
would be small. 

Among conditions impioving tlie chances of rain is 
the appearance of “conception” on certain days on which 
the moon happens to be in a particular asterism.^ These 
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astei’isms have been enumerated by Varahamihira in 21. 
28 et seq. 

If ‘conception’ takes place under the above favourable 
conditions during the month of JSfovember-December, then 
after 195 days, there is good rain for 8 days; if during 
December- Januaiy, thei-e is rain after 195 days, for 5 days ; 
if during Januaiy-Fcbruary, for 10 days ; if during February- 
March, for 24 days; if dining March- April, for 20 days; 
if during April-May, for 3 tlays. (Varahamihira 21.30) 

If ‘cxinception ’ is due to all the five conditions — of wind, 
rain, lightning, thunder and clouds, — then the resultant 
rain falls over an tu’ea of 400 square miles ; if one of the five 
conditions has beim absent, it extends over 200 square 
miles ; if two conditions Juive been absent, then ovej' 100 
square miles ; if three have been absent, over 50 square miles ; 
if four have been absent, over 20 square miles. (31). 

We had also rain-gauging in the past If the ‘ coiujeption’ 
has been due to all five conditions, then the quantity of 
resultant rain is on<.‘ ‘ drona if it has been due to wind 
alone, the resultant rain is 3 ‘ ddhakas ’; if it has been 

due to lightning, the rain is 0 ‘d'/A«4;as’; if it has been 

due to clouds, the rain is 9 ‘ ddhalcaa if it has been 

due to tliunder, the rain is 12 '’ddhakm' 

These measiues of rain drona ' and ‘ ddhaka ’ — have 
been thus described by Parashma : — When the rainfall 
fills to the brim a vessel 20 anguls (inches) square and 
8 anguls deep, the quantity of rain is to be regarded 
as an ndhaka'] and foiu‘ such ''ddhaka^' constitute a 
‘ drona \ 

Varahamihira’s own measure is given under 23.2 : — 

A vessel with a circumference of 1 ‘hashi’ (24 
anguls) and 1 hasta deep should be placed outside; if 
it becomes filled with the rain-water, it means tliat we 
have had one ddhaka of rein ; and 4 such ddhaka^ go to 
make up a drona. 



METEOROLOGY IN ANCIENT INDIA 


9 


If the ‘conception’ occurs when ‘evil’ planets are 
in the ascendant, then the resultant rain is accompanied 
by 'hail, lightning and fish ; if, on the other hand, the 
planets in the ascendant Imppen to be ‘ benign’, it 
brings profuse rain. 

If there is rain at the time of ‘conception’, that 
conception bwomes abortive (34). 

During the month of May-June, on the first four 
days of the brighter fortnight, if we have soft and easy 
winds blowing, the ‘com^ption’ that has taken place 
during the winter becomes further developed ; so also, if 
on these same days, the sky is over-cast with soft and 
dense clouds, (22.1). 

During the month of May-June, if any rain falls 
upon the day on which the moon is in the asterism of 
Svati, then there would be no rain during the month of 
July- August; if it falls on that day on which the moon 
is in the asterism of Vishakha, then we shall have a 
rainless month of August-September ; — ^if it falls on the 
days on which the moon is in Uie asterism of Anumdlia, 
we shall have a rainless month of September-October. 

If, on the .said four days of May-June, there is 
lightning with slight showers, or with dust-storm, or if 
the sun and moon are overclouded, it is a good sign. 
Similarly, if birds sing swet^ly, or children play happily, 
or the sun and the moon ai'e surrounded by a halo, or 
there are dense clouds, — all these are favoiu*able signs. 

During the month of June-July, (a) if it rains on 
the day on which the moon is in the asterism of either 
Hasta, or Purvasadha, or Mrgashiras or Chiti-a or Revati 
or Dhanistha, — then on the coiTesponding days during tlie 
next lunar month, there should be dronas of rainfall; — 
(b) if it rains on those days when the moon is in the 
asterism of (8) either Shravana or Magha or Anuradha 
or Bharan! or Mula, — on the corresponding days next 
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month, there should be 14 dronas of rainfall ; — if, during 
tlie moon’s residence in the asterism of either Shatabhisak 
or Jyestha or Svat!, — then on the eoiTcsponding days* the 
rainfall should be 4 dronas — if, during the moon’s 
residence in the asterism of. Krttika, 10 dronas \ — ^if 
during the moon’s residence in Purvaphalguni, 25 
dronas — in Punarvasu, 20 dronas; — in Vishakha or 
Uttarasadha, 20 dronas; — in Ashlesa, 13 dronas; — inUttara- 
bhadra or [Jttara-phalgjini or Rohini, 25 dronas ; — ^in 
Purva-bhadra or Pusya, 15 dronas; — in AshvinT, 12 dronas; 
in Ardra, 18 dronas. 

In Chapters XXVI and XXVII there are described 
certain indications of rain to be observed on one particular 
day, the full-moon day of the month Junc-,Tuly : — 

If the wind blows from the East or tlie North- 
East and is fragi*ant and agi'et^able to the touch, it 
indicates good rain and good crops. If it is from 
the South-Eiist, South-West, or North-West, the crops 
would be neither good nor bad. If the evening sky on 
that day is of the colour of emerald, or silver, or honey, 
or gold, and if tliere appeal* in the sky clouds of the 
shape of a tree, tliis indicjates good rain. If at sunest, 
the wind blows from the North-E<xst, it indicates good 
crops. If it blows from the East, whirling like sea- 
waves, it indicates excellent winter and spring crops. If 
there is continuous hot wind from tlie South-East, it 
indicates that everything on the earth will be reduceti to 
ashes. If the wind at sunset blows from the South and 
is high, accompanied by dense clouds, it indicates rain. 
If at sunset the wind blows from the South-West, high 
and continuous, it indicates terrible famine. If at sunset 
the wind blows fi*om the West, it indicates good crops, 
but also war. If the wind blows from the North-West, 
it indicates profuse rain and excellent crops. If it blows 
from either West or North, it indicates good rain. 
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In Chapter XXVIII we have certain signs described, 
which ai'e indicative of immediate rain. During the 
rainy season, if the sun at the time of rising is 
exceptionally bright, or if the taste of water is insipid, 
or the colour of the sky - is that of the cow’s eye, if 

salt begins to sweat, if fish in tanks begin to frisk 
towards land, if cats frequently scratch die ground, if 

metal vessels emit a fishy smell, if ants with dieir 
eggs move from one place to another, or if serpents 

are seen to ascend trees, all these signs aie indicative 
of immediate rain. 

The above is based mainly upon a study of 
Varahamihira’s encyclopedic work, the Brhatsamhita, which 
is believed to have been written in the fifdi centiuy 
A.D. It will serve to show how closely the atmospheric 
conditions were observed and noted, with a view to 
ascertain, to almost a nicety, the amount of niinfall 
expected duiing the year. There are other works dealing 
widi the subject ; three or foiu* of them have been 
refeiTed to and quoted by Bhattotpala, in his commentary 
on the Brhatsamhita. It promises to be an interesting 

field of research ; and it is hoped younger scholars may 
be attracted to it, and let us have the results of 
their study, which, one feels sure, will go to show that 
our astrologers — at least of the ancient times, — were not so 
.steeped in superstition or unscientific in their metliods 
as they have been supposed to be. 




DEPARTMENT OF ENGLISH 


.—Though the subject-matter of the paper is related to the 
Departineiii of SanskriU yet, it has been included under the activities of 
the Department of EngltB/i, as the writer is a member of the latter 
Department.] 




A CONTEMPORARY LIFE OF AKBAR 
IN SANSKRIT. 

A PRELIMINARY NOTE 

Amara.natha .Iha, M.A., Reader in English. 

On Demnber 3, 1833, in the Mackenzie Oollection, 
a manuscript described as “Sarvadeshavrittantasaiigraha” 
or “Akbar Nama” was acquired for the India Office 
Library. It remained practicjiUy unknown till in an 

obscure corner of his remarkable biography of Akbar, 
the late Mr. Vincent Smith mentioned it. Thanks to the 
munificence of the Hon’ble the Maharajadhiraj of Darbhanga 
and the courtesy of my esteemed friend, Dr. F. W. Thomas 
of the India Office Library, a photograph of the 

manuscript is before ma Li the present paper I shaU 
give a brief account of this manuscript. It is clearly 

not written by the author iis thei'e are copious errors 
of transcription, and the character is Devanagari. The 
original manuscript would almost certainly have been in 
the Maithili character. 

It begins tlius. (I am reproducing the original 
exiictly as it is ; the coiTected version and suggestions 

must wait) : 

II (?) i 

livii 

*^5: iiirH 

(?) 

H ll•ll 
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And so on for ten tiresome pjiges of more or less 
obscure verses. On Page lla we have the following: 

Tsraftrvlfti; P > ( | gP >tg w h” 

At tlie bottom of 13a occurs tliis : 

«?n5h I i«ftwf®gsi«PKf 3igi«^ qifitwfs: i 

H gfwr^ fm^ h gf»*i? ^ifT i 

H I «r i h gf^cr^Hriifa: i 

H Wfhfeg?f?ntN: I H wfttmTUlfiRi: I H 

I H w#f5rjr«ifrf fa: I h i[f%3awfa; i f? fwi^n’^wla: i h 
^nltsRN: I H ^f^ro^af^ma: i h w#i^a5iffa: I « alfJras^gia; i 
^ 5tg^f*affis I ^ »i*i^ta: I H ^ip^raa^a: « «f a: i h 

gjRaafVT »rta: «’* 

and for thirty generations more Akbar’s ancestiy is 
traced, until the biographer mentions Adam, and there 
he stops. Then he discusses the time that, according to 
various beliefs, has elapsed sinc« creation. 

On Page 14a an anealote is described thus: 

1?^ <« cfr gaf ft fn 3 f| »»gaTmfnynt « Rfiat- 

«rqwqf$ h 4 «i «nqTf ipaarff^^ wriqi^ai af?ft»2^«5tTOr^^igwi»? 
I5aw!a^^ I aw i Wff waiesragaiat fag?! 

anff^^afai sreia^a; Hgg^ af^ara 

f ff f^a«a i Wf ^aa; OTffSranft# wiff gal (^afi[Wf 

qf^f^aifw^ai f^mfira: i wrfat^a |»f la giflaiT 
faa jsjftrfsfani aw: »” 

That is followed by an account of Babur, who is 
refeiTed to as f^f^fTa«i*ft and of Hmnayun who is 
described as a«awqisft— a curious blend of languages. 

The manuscript runs up to about 2.o0 pages, but is 
incomplete. Its value historically cannot be determined 
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until it is more Cfirefully examinetU and compai-ed with 
tlie Ayeon-i-Akbari ; but its literary interest is certainly 
gi-esit The autlior of it is the famous Mahesha Thakkura, 
the well-known writer and eommenbitor on Nyaya who 
obtained from Emperor Akbar the grant of the territory 
included under the present ‘ Darbhanga Raj.’ It is 
almost unique as a metlifeval biogi'aphy on such a large 
stvile; the efforts at accuracy are obvious, and it should 
be of interast to consider what new infonuation the book 
supplies or what fresh light it throws on the period it 
deiils with. 'Phe following may be quoted as a specimen 
of the style in which tire work is written: 

“l# w I aardirf ^raf* wilar 

arfWhrftrafew si Wiz4 

The manuscript cemas to iui end with these >vords : 
“ffrr 

TOfUf I I *r»3r«’g i” 

1 hope, before very long, to edit this manuscript 
with an introduction, translation and copious notes. 




DEPARTMENT OF SANSKRIT 




.THE MANASARA and VITRUVIUS* 

P. K. AOITAPtYA, AL A., Pb.D., D. Lit., I. E. S.. 
]*ro£(»ssor of Sanskrit. 

Tlie name Manasara is of aniVngnous significance. 
Tfie tmatlse lioaring this name is the standard Vmiu^Sdsira. 
'riio identity of its antlior or llie date of its compo.sitioij 
is yet unsettled. Ft deals in a .systematic manner with 
arcliitef^ture. In the Vcislu-Smtra the term architecture is 
taken in its broadest sense and implies what is built or con- 
stnicted. Thus in the first, platio it connotes all kinds of 
buildings: religious, residimtial, and military; and their auxiliary 
members and c:omponent mouldings. Secondly, it implies 
the town-planning; laying out gardens; constructing market- 
plac'cs including ports and harbours ; making roads, bridge.s, 
gate-ways, triumphal arches; digging wells, tanks, ti*enches, 
drains, sewei*s, moats ; building enclosure walls, emhatlfauents 
dams, i-ailings, landing-plact\s, flight of steps for hills and 
bathing ghats, and ladders. Thirdly, it denotes articles of 
furniture such as bedsteads, wuclw^s, tahl(*s, (dvaii's, thrones, 
wardroh(»s, baskets, cages, nests, mills, conveyam^es, lamps, 
and lamp-posts for the strecits. It also includes the making 
of tlresses and ornaments .such as chains, and (Towns and 

•This is a chapter of a book named S'ilpa-Sastra which is in 
course of publication in the Govoniment Press. 

1. Etymologiciilly the term Mancuoiro, implies ‘ the essence 
of measurement ’ — sara meaning ‘ essence ’ and mana ‘measurement.’ 
In the treatise itself the term is used in different senses, 
namely, a generic name for the professors of architecture, a personal 
name of an architect, and the title of a treatise. In the Da$a~ 
Kwnzra-Oharita of Dandin Manastlni is the name of the king 
of Malwa. 

For further details see Preface to the first edition of the 
Manasara by the present writer. 



22 


AT.r.AirABAn risrrvKRSFTA’ joitrkai. 


hea<l”goars and foot and aian wears. Architecture also 
includes sculpture and deals with (virving of phali, idols 
of deities, statues of great |3ersonages, images of animals and 
birds. As preliniiuaiy matters it is also ooncerne<l with 
the selection of site, testing of soil, planning, designing, 
finding out cardinal points by means of a gnomon, dialing, 
and astronomi(^al and astrological calculation. 

In 1834 in liis essay on the ardiitectui'e of the 
Hindus Ram Ra/ refeired to the first few diapters of the 
Manasara from a single fnigmentary manuscript he had 
access to. Sinct^ tlnm several manuscripts have Ireen discovered 
but owing to sonu^ great difficulties set forth elsewhere 
no body had made any attempt to deal rvith this huge 
text in any way for a pra-iod of 80 years when the 
piesenl. wjitoi' undertook the work in 1914. The text, as 
knowti from the eleven badly preserverl majuiscripts on 
Avhieh the first edition of the present writer is based, is 
writbai in fiv(‘ different scripts has undergone five rec(>n- 
sions rtnd comprisfw more tluan 10,000 lines of a language 
rightly Irranded by Dr. Biihha’ (and Sir R. G. Bhandarkar) 
as “bai’barous Sanskrit.”* Sketches or illustrations of any 
kind are absolutely wanting in all th(' available manuscripts. 
Tluire aiv, besid(;s, no itornnumtaries on the texts, nor could 
any body mak»‘ an attempt to translate any of the texts 
into English Ixifore tlu; translation of the M.anasara into 
English by the present writer, mainly because theie had Iteen 
no dictionaries, before the compilation <^f the Dictionary ol 
Silpa-Sasti’iis by th(^ pi’C'sent writer, dealing with the architecy 
tund terms whi<di necessarily al)ound in the Mansara and 
other texts on architecture. 

Vitruvius is the name of a Roman architect. His 
tieatise is the standard work on European architecture. 

1. Orantlia, Tamil. Teln^u. Alalayalani and NaRuri. 

?. Kpitiraplna Imlica Vol. I. p, 377. 

Indian Antiquary Vol. XII. pp. ItO. 141. 
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“Amoag the ancient authors he is merely inentioned by 

I^liny as one of those writers from whom he compiled ; 

and l.)y Frontinus, in his treatise on Aqueducts, as the 
first who introduced tlie (^.uinarian measure. ’■ 

His treatise seems to have been composes I twenty- 
live years before the Christian cj-a. The title of this treatise 
is lost, if it originally had one. 'riie Editio princef)s 

pnnted at Rome in or about I486 bears no title. The 

uni(|ue position of this treatise is, however, sufficiently clear 
from the fact that sina; its first ap|)earance in the fifteenth 
century there have been till 1807 forty-two editions of the 
work practically in all the Eurojxjan languages. There are 
seventeen editions in J^atin, eleven in TUilian, two in Hpanisli, 
six in French, four in German and two in English. ‘ 

The treatise is ilivided into ten IBooks wliieli do not 
bear any titles. EacJi book contains a number of chapters 


1. See (jwilt Kiicydopcdia of arcljitectiins XV — XX\\ ft>r 
fullor details of the following; — 

Latin editions. — 

148G — Editio ijrinceps printed at Konie liy (George Jlerolt 
begins without a title — siilptiiis lectori siilutem. Polemis says 
“there are but few errors in this edition.” 

1496 — Printed at Plureiice, aecMading to Fabriciis, the ortho- 

graphy of this edition is more <;orrect than the 
preceding ojie. 

1497 — The name of tlic editor does not appear. With a few 

slight variations this is little more than a rer»rint 
of tin? Florence edition. In this the chapters of the 
lirst book are differently divided from those ot* the 
twe) former editions. 

loll — This is the first illustrated tdilion. It contains many 
wood-blocks audiigures. Jocuiidiis (the editor) altered 
Llic text of tlie two former editions in many places. 
ISL'i — The liguresinthis edition are the same as the preceding, 
but considerably reduced ami more iinpcTfeetl^' kept, 
152:2 — This a reprint of the preceding edition with the 

same blocks for the figures. 
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varying i'roiu neven to twenty-two. TJie' oliapterH also have 
not got any proper titles. The treatise deals with both 
the civil and milifiiry arcJiiteetiu'e. The rules mspecting mili- 
tary engines, “now ineomprehen-sible, but doubtless in his time 
sufHciently clear,” ai’C lai<l down in the last book. The 

1523 — This was probably edited i)y Will Ilayon of Lyons. 

This is connter of the Giunia edition. Some of 
its figures are taken from the first Italian edition 
of 1521 which is noticed herein after. 

1513 • The text is nearly the same as that of Jocundns, 
The figures of the wood-blocks are partly borrowed 
from the GinnUi edition and partly from the Italian 
edition of 1521. 

1550 — The text is the wune as that of tlie 1543 edition. 

Ilul it contains noti>s of Philaridta' which were 
first publishttl at Rome in 1544. 

1552 — ‘‘Philander himself superintended this edition, chiefly 
following the Giunta te.xt, ’ which he collated with 
sev(!ral MSS. The wood-blocks are better than 
any preceding edition. ” 

1567 — Barbaro in this seems to have mostly follow'ed 
Philander's edition of 15.52. 

1586 — “Harwood says that the editor of this edition was 
Jo, Tornaosiiis junior, and that it is more correct, 
though loss elegant than that produced by the 
father in 1 552.” 

1649 — With c<tmmentary of Mcibomius on those chapters 
relating to musical notation. This was the best 
edition of the author produced at that time. 
“ De liuct professes to follow the text of Philander’s 
edition, but neither was this accurately done, nor 
were the notes of Philander, nor the Lexicon of 
Baldns given entire, us the title would import,” 

1758 — By Marclu!se Berardo Galiani at Naples with an 
Italian version noticed under the Italian editions. 
Harwood says this is “a fair and valuable edition.” 

1800 — The text of this edition is of little value. Nor 
its plates well executed. It has no notes appended 
but it contains the glossary in live languages. 
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civil an^hiloctiiro comprisos both <oinpl(*s nifd rosideiUinl 
buildings. “Tliat ho should liavo mol with opposition from 
his i)rothr(Mi is quito oonsouont. with later (>xixiri('noo, for 
the rahblo of ignorant builders, an<l artisans, and draftsmen 
an) of dio same class as those that Hourislu'd suhso<)ucntly 
to Vitruvius.” From Ibis remark of (Iwilt it ap|K‘ars 
that Vitruvius was inductsil to “wiite liis treatise' with a 
view to assisting the uneducateel professional arehite-ets” 
who like tlioso of India depended solely on the knowknlgef 
handed down to tluan from theii’ equfdly untidueated 
forefathers. 

‘ Certain points of similaiity between the IManasara 
and tJie treatise of Vitruvius are^ so sti’iking as to I’aise* 
the presumption that the two works are' in some way 
dependent on cacii otlu'i'.’ 'J'liis the*sis is pre)poseel to be 
illustrated in this artie'le. 

Praetiesdiy seven-tenths of both the' works are^ avowedly 
arehitectured : 

1807 — It contains notes. 

1807 — In the same year anothe'v edition was published. 

Th(! second eind third volumes are devoted to 
commentaries on the text. It contains, however, 
no plates. “This is the ijest edition of the author 
which has appeared. ” 

Italian eelitions — 

1.521— "This is one of the earliest aiul rare versions of Vitruvius. 

It was trsinslated with the assistance of Benedict 
.Tovius by Gaesar Caesfirianus who was one of tlie 
architects of the Catheilral of Milan. One of the 
plates contains a plan and two sections of this 
Cathedral. 

1.524 — ^I’his is a repetition of the preceding edition hut 
without the notes of Caessir Biiesarianus. 

1.535 — This is copied from the preceding edition, hut the 
index is not quite so copious, 

1536 — A translation of the first five Bof)ks. Perugia. 

1556 — With Barbaro’s commentary. 
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Out of soventy oiiaptors of tho ManasSra tho fivAt 
fifty deal with awthitwturo prop(a-, and out of tea books 
of Vitruvius, the first seven deal witli the same 
subject. 

The remaining twenty chapters of the former aie 
devoted to sculptiu'e and the remfiining three books of 
the latter deal mostly with war instruments, machines, 

1567 — With Barbora’s commonhiry. 

1584 — “ Similar to the preceding edition.” 

1629 — “ Very similar to the preceding edition.” 

1641 — Little differing from the preceding. 

1758 — In Napoli, accompanied with tlie Latin te.\t. 

1790— Another edition ))y Galiani, similar to the preceding but 
without the Latin text. 

Spanish editions — 

1602 — Without plates. 

1787 — Large folio with plates. 

French editions — 

1547 — First version in Fi'cnch, Jan Martin, Paris. 

1572 — A reprint of the preceding, Cavellat, Paris. 

1618 — Printed from tho two preceding editions by Gean de 
Tourhes at Geneva. 

1673— Translated I)y Pernmlt. Figures are numerous and 
well executed. 

1684 — With plates, best Perrault’s editions. 

1816 — With plates. Bruxelles. 

German editions — 

1548— With plates on wooden blocks cut by Frard Schoon. 

1575 — A repetition of the prcceiling Basil. 

1614 — Another repetition with a little different title. 

1796— With a life of Vitruvius in the first volume. This 
edition contains many illustrations of the author. 

Knglish editions — 

1771 — IVanslated from original Latin by Newton, London. 

1791 — Second volume with many plates. 

It exhibits defective knowledge of Latin ; but notes are good. 
liUtterly a portion was translated by Wilkins. 

After Joseph Gwilt’s translation there have been several 
other editions in English. 
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and engines. Of the similar seven-tenths in both the 
works, namas of many chaptei*s and the contents too in 
most* instiinces are the same. 

The Manasara opens, following the usual custom, 
with a prayer to the Creator Brahma and touches upon 
the origin and development of the science of architecture, 
troui Siva, Brahma, Vishnu through Indra, Brihaspati, 
Narada to the class of Rishis called Miinosara, and 
includes the introduction with a list of the chap- 
ters. 

Vitruvius, too, opens with a prayei’, to his patron, 
Cmsar, and acknowledging his (jt)ligations to Caesar’s 
father and sister, concludes with a proposal to give an 
account of the magnificent edifiwjs C’a'sar had built and 
to develop all the principles of tluj art. 

The n(^xt chapter (11) in the Manasara deals with 
two distinct subjects, the system of measurement {mano- 
pakarana) and the requisite qualifications of an architect 
( 8 Upi-lakskana.) 

The corresponding chapter is marked I instead of 
11 by Vitruvius, becjiuse the preceding chapter goes 
without any numbering as it is called introduction. 
This present chapter deals exactly like the corresponding 
chapter in the Manasara with two distinct subjects under 
the heads, “what architecture is” and “of the education 
of an architect.” The former of these two subjects has 
again been treated in the chapter following, namely. 111, 
of the Manasara and is noticed below. The striking 
similarity in the training demanded of the ai’chitect 
by the two authorities may conveniently be comparal 
here. 

According to Vitruvius “an archiUict should be 
ingenious, iuid apt in the acquisition of knowledga He 
should be a goo<l writer, a skilful draftsman, versed 
in geometry and optics, exixjrt at tigurcs, acquainted 
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with liistoiy, hiforinetl on tho pi'inciplcs of niitunil iiml 
moral pliilosopliy, rionunvhat of a umsi<;ian, not ignorant 
of the Hcicnceis both of law and pliyisics, nor of tho 
motioni?, laws, and I'olations to each oth(?r, of the heav- 
enly bodies.-’ Tiu! :d)sohUe necHJSsity for these qualifi- 
cations has been very satisfactorily elaborated by Vitru- 
vius. 

In the ManasiTra artists are first divided into four 
classes ; they together form the guild of architects, each 
an expinl in liis ow'n department but possesses a 
general knowledge ot the sra'ence of architecturc as a 
whole. They consist of the chief architect {sthajKiti), the 
draftsman or the designer {mtra-grdhin), the painter 
{oardhaki) and the joiner {sutra-dhdra). 

AccoJ'ding to the Alanasara the chiel architect is 
expected to be wdl-vei’sed m all the sciences. He must 
possess a knowledge of all the Vedas and all the Sastras. 
He must be proficient in law, mathematics, history, geogra- 
phy, piiinting, draftsm.inship, medianics, and expert iu the 
ocean of the scitaice of architeetiue. He must be very 
learned, meritorious, patient, and dexterous, a champion of 
large experience, of industrious hahit, and of noljle descent, 
full of resources and (^apid)le of application to all works. 
He must poss(!Ss a wide outlook, b(dd teinjjerament, and 
self-control. He must be above committing errors. He 
must have a good name and be faithful to his employers 
(lit. friends). He must bo emlowed with all the qualifica- 
tions of a siqii'cme managing director. He must not be 
deformed or have any disease or disability; he must also 
be free from the seven Alices, namel}'’, hunting, gambling, 
day-tireaming, bku^k-mailing, adtliction to women, etc. 

A similar set of qualifications has also berm demand- 
ed of the other three artists; but .sidrayrdhin is exixjr^led 
to possess expert knowledge of rhaftsmanshij), the vardhakt 
of painting, and the k'dlmdhdra of carpentry. 
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The utility or the possibility of so luany athiinments 
in a single person has not been i;xpn;ssly discussed in 
the MfinJisara. But Vitruvius has submitted an interesting 
explanation in c;onclusion. 

It is familiar to every body that for sue(;ess in any 
profession in life one must be clover, industrious, lionest 
and generous. It is also easily understood that an architect, 
who has got to do both mimiial and brain w'ork, must 
not be deformetl and must be free from all diseases and 
disability. 

A(;(;ording to Vitruvius he is required to be a gootl 
wjiter also, bec^ausc an architect is to commit to wiiting 
his observations and experiemo, in order to assist his 
memory. Drawing is (.iinployed in rcqaoscfiting (he foians 
of his designs. Gcoiiictiy, which forms a part of mathema.- 
ti(;s, alR)rds much aid to the architect ; to it ho owes the 
use of the right line and circle, the level and the squari?, 
whereby his delineations of buildings on plane surfaces aui 
greiitly facilihited. Aritlunetic estimates tluj (?os(, and aids 
in the measurement (jf the works; this assisted by the 
laws of geometiy, rksUH'iuines thost; abstruse questions where- 
in the dilterent proportions of some parts to other-s aie 
involved. The science of optics enal>les him to introduce 
with judgment tlu; requisite quantity of light according 
to the aspect. Unless awpiaintetl with histoiy he will be 
unable to account for the use of many ornaments which 
he may have occasion to introduce'. For history the 
expression ‘purana’ is used in the Indian litcJ'ature ami it 
implies mythology or iuythologi«d stories which are as a. 
rule tlepicted in the buildings of a nation. There arc, 
however, other uses of history hir an architect. 

“Moral philo.sophy,” says Vitruvius, will tcacli the 
architect to be above meanness in his dealings, an<l to 
avoid aiTOganct;; and will make him just, (M)mpliant 
and faithful to his employer; and what is of the highest 
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importiiiice, it will prevent avarkxi gaining an ascendancy 
over liiin; lor lie .should not be o«;cupied with the 
thoughts of filling his cottei*s, nor with the desife of 
gra-sping every tiling in the shape of gain, but by the 
gravity of his manners and a gootl chsu’acter, should be 
careful to pieserve his dignity.” These precepts of 
moral philosophy ai-e piescribed by our Indian authortios 
almost in the same terms. Wc have seen above that 
the architect is required to be of noble <lcs(H3nt, pious 
and compassionate. He must not be malicious or spitefuL 
He must bo content and free from greed. He must be 
truthful and |Ossess self-control. He must be above the 
seven vices. He must be faithful to his employer. He 
mii.st not have excessive desire for gain. Ho must be 
of good behaviour ami geneions enougli to forgive his 
rivals. 

'fhc doctrine of physics is necessary to liim in the 
solution of various problems; as for instanw, in the 
conduct of water, whose natural force, in its meandering 
and expansion over flat countries, is often such as to 
requiro restraints, which none know to apply but tliose 
who arc acquainted with the laws of nature. This matter 
too has been more exhaustively discussed in various 
chapters of the Milnasiir.i. 

“Alirsic assists him in the use of harmonic and 
mathematicid proportion,” In these matters, the Manasara 
is rather too lila borate; in most individual case.s, nine 
proportions liave been suggested and the selection of the 
right proportion and harmony has been nnwle dependent 
on the appliciition of the six formulie, which lU’C treatetl 
in a very technical manner based on mathematics. According 
to Vitruvias, music is moreover absolutely nccessaiy in 
adjusting the force of the balisUe, catapultie and scorpions 
in whose frames are holes For the passage of the homo- 
tona, which are stained liy gut-ropes attached to wimllasse-s 
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worked by linnd-spikes. Unless ilu'se rnpos :iii‘ ('(juaily 
(‘xtended, wliieh oidy a nice ear can disi'rivev by 

tbeir, sound when struck, the iMnit arms of the engine 
do not give an equal impetus wlien disengaged, and tlie 
strings, theiiofore, not being in equid states of tension, 
pi'cvent the direct fight of the weapon. A knowledge of 
music is especially useful to the architee-t in building 
theatres, lecture I'ooms, and such other halls where the 
spread of sound is taken into particular consideration, 
Botli Vitruvius and Manasara are equally enthusiastic in 

speaking alxiut it, nie former, further, says that tlui 

architect “would, moreover, be at a loss in constracting 
hydmulic and other engines if ignorant of music.” “Skill 
in physics enables him to ascertain the salubrity of differ- 
ent tmets of country, and to determine the variation of 
climates, for the air and water of different situations, 
being matters of highest important, no building will bo 
healthy without attention to those points.” Most elaborate 
description on the selection of site and the e.\amination 

of soil is given in the Manasam and other architectural 

treatises*, '^flu* salubrity of the tra(;ts is minutely 

ascertained w'ith refei-ence to the site where a village, 
town, fort, pal-ue, temple, or dwelling lu'iuse is to be 
built. 'Phe soil is examined with regard to its shape, 

colour, odour, features, taste, and tou(;h. The elevation of 
the ground as well as the luxuriant growth of certain plants, 
tiees, and grasses on the grouml are also minutely examined. 

“ I^aw should be an objw!t (tf his study, especially 

those parts of it which relate to party-walls, to the fm* 
courae and discharge of the eaves’ waters, the regulations 
of cess-pools and sewiige, and those relating to window' 

*Brihat Samhitu, Garga, Viivak, ICasyapa, Vastii-mtnavali, 
Vasishtha Samhita, Vnstnpradhwi, Nuraila, Griha-karika, BhriKu, 
S ilpa-ilipaka, Bhavishya Parana. (See quotations from thcsi' works 
in tho writer’s dictionary of the Bilpa Sastra.) 
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Iiiihts. 1'lio ]ii\vs rcqnilO his piirlunihu' attonlion, 

s(t that lu' may pi'<*vt*nl llio employf'i's ])oing involved in 
law-snits when lh(* huilding is fniished. (/onlracts,, also, 
lor tho execution ol tlu^ woi'ks, should h(' diiiwri up 
with car(' and ])recision, ht'cause. wlus* without legal 
flaws, neither party will he abh' to lake advantage of 
tlu' other.” 

I..aw' as explained by Vitruvius is not inentionetl 
in the list, in so many words, of accomplishments given 
in th(‘ YiTstu-sastras quotwl abovt^ But most elaborate 
instructions are given in the Artliasastra and otber treatises 
on the party-walls, sewaigo systein, windows and ()ther 
openings.* 

“ Astronomy instracts him in the points of the 
heavens, th(‘ laws of th<^ celestial Itodies, the ecpiinoxes, 
solstices, and courses of the stars ; all of which should bo 
well understootl in tho construction and proportions of clocks.” 
In the Vastu-slistras dialing is an impoi’tant subject ; but 
astronomy, whicli is always mixed up with astrology, 
has been drawn upon particularly with regard to the 
auspicious moment invariably obsen-ed in almost all 
matters. 

Vitruvius has added an explanatory note on the 
expression, ‘all scienc(‘s’, of w-hich the an^liitwt is lequiml 
to hav(i sufficient knowlwlge. 'Phis explanation will 
indeed throw a clear light upon a similar expression, 
‘ Sarva.-f5astra,’ useil by the Indian authorities. But for 
the following note of Vitruvius, we Avould have taken the 
term Sarva-Sastra as an exaggeration which is voiy 
often found in the Banskrit literatui'e to imply nothing 
more than general knowledge. 

‘‘Perhaps, to the uninformed inintl,” bcigins Vitruvius, 
“ it may appear unaccountable that a man should be 


♦See <inotations muler Blni-pariksha in the writer’s d ktifcrijiary. 
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able to retain in liis memoiy siicli a variety of learning; 
but the close alluuice with each other, of the different 
brandies of science, will explain the difficulty. For as 
a body is (iomposed of various concordant members, so 
does the whole cmie of learning consist in one harmonious 
system.” ‘ On this account, Pythius, the architect of the noble 
temple of Minerva at Prieno, says, in his commentaries, 
that an architect, should have that perh'ct knowledge of 
each art and soien(*e which is not even acquirwl by the 
professors of any one in particular.’ This seeintid rather 
too much to Vitruvius; so he asks, “how can it he 
expected that an architect should equal Arisbirchus as a 
gi'aniniiu'ian, yet should ho not (sic) ho ignorant of 
grammai’. In music, though it ho evident he need not 
equal Aiistoxenus, yet he should know something of it. 
Though he need not exceed, as Apelles, in painting, nor 
as Myron or Polycletus, in sculpture, yet he should have 
attained some proficiency in these arts.” 

“Thus also, in other sciences,” concludes Vitru- 
vius, “it is not important that pre-eminence in each be 
gained, but he must not, however, be ignorant of the 
general principles of each. For in such a variety of 

matters, it cannot be supposed that the same person 
can arrive at excellence in each, since to bo awaie of 

their several niceties and bearings, cannot fall within his 

power Wherefore Pythius seems to have been in 

eri’or, forgetting that art consists in practice and tlieoiy. 
Theory is common to, and may be known by all, but 

the result of practice occui-s to the aitist in his own art 
only. The physician and musician are each obliged to 

have some regard to the beating of the pulse, and the 
motion of the feet, but who would apply to the latter to 
heal a wound or cure a malady ? So, without tlie aid 
of tlie former, the musician jiftects the ears of his 
audience by modulations upon his instrument The 
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astronomer and musician delight in similar proportions, 
for the positions of the stars, Avhicli are quartile and 
trine, ansAver to a fourth and fifth in harmony....’’ 
Throughout tlie AA-hole range of art, there are many 
incidents common lo all. Practice alone can lead to 
excellence in any one. That architect, therefore, is suffi- 
ciently educated, Avhose geneial knoAvledge enables him to 
give liis opinion on any branch Avhen required to do so. 
Tliose unto Aylioin nature has been so bountiful that 
they are at once geometricians, astronomers, musicians, 
and skilled in many other arts go beyond Avhat is 
I’equii’ed of the architect. 

No more obsei’A’ations are perhaps necessary Avith a 
view to reasserting the striking similarities l>etAveen the 
Manasara and Vitruvius on this point. This series of 

similarities between the injunctions of the tAvo standard 
works on such an important matter as the training of 
the architect, the very soul of architecture, seems to haA’e 
been due to something more than mere accident. 

The next chapter (III) in the Manasara, called 

Va^tu-j^'cikarana defines vaatu or habitation and clhides it 
into four classes, ground, building, cionveyance and couch 

{dhard, harrna, ydrui, and jjarytika). 

Chapter (IV) called, BMtmi-parikshd, examination 
of soil, deals with the site Avhere a village, town, fort, 
palace, temple, or dwelling is to be built . and examines 
the soil thereof Avith regard to shape, colour, odom*, 

featmes, taste, touch; the elevation of the ground; /and 
the luxuriant growth of certain plants, trees, and grasses. 

Chapter (V) called Bhumi-sanigruha, selection of 
site, deals further Avith tlie soil before it is finally selected 
for a building site*. 

The next chapter (VI) considers the orientation of 
buildings, and recommends that the building should prefer- 
ably face the east or north-east, and never the south-east 
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Reasons have not been discussed fully beyond stating that 
tliis is auspicious or that is inauspicious, Incidentsilly, the 
principles, mechanics, and details of diiiling have been 
exhaustively discussed. 

The following chapter (VII) discusses the design 
or divisions of the selected site for a village, town, or 
house, into a number of plots. Thirty-two schemes are 
distinguishetl, each of which is divided into squares of 
various numbers. 

Following the usual custom this introductory section 
concludes with a cliapter (VIU) on oherings to various 
deities. In tliis mutter too tlie cliief architect takes a 

leading part 

The con’esponding cliapter (11) of Vitruvius is called 
“of those things on which architecture depends.” It deals 
Avith the fitness (ordination) and arrangement (disposition) 
also proportion, uniformity, consistency, and economy and 
is divisible into three heads ichonography, orthogi'aphy, and 
scenography which consideretl togethei' constitute design. 

The next chapter (III) is called “the difFeront 
brjinches (building, dialing, imd mechanics) of arcliitecture,” 
and the chapter folloiving (IV) is named “the choice 
of healthy situation” which deals with climatic condition 

and elevation of the building site as well as with its 
aspects or orientation. Unlike the Manasara the consider- 
ation of fogs, rains, heat, and cold, ivhich arc peculiarities 
of the European countries, has been given prominence to. 
The explanations of aspects recommended are satisfactory. 
“A city on the sea-side,” it is stated, “exposed to the 

south or west wiU be insalubrious ; for in summer mornings, , 
a city thus placed Avould be hot, at noon it Avould be 
scorched. A city also with a Avestern aspect Avould even 
at sunrise be Avarm, at noon hot, and in the evening of 
a burning temperature. Hence the constitution of the 

inhabitants of such places, from such continual and 
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excessive elianges of the air, would be much vitiated,” 
(page 14). After citing opinions of physicians and others 
and supporting by illustrations, it is further stated “ When, 
therefore, a city is built in a marshy situation near the 
sea coast, with a northern, noi*th-eastern, or eastern aspect, 
on a marsh whoso level is higher than the shore of the 
sofi, the site is not jiltogether improper; for by means of 
sewers tlie waters may be discharged into the sea: and 
at those times, when violently agitated by storms, the 

seti swells and runs up the sewers, it mixes Avith the 

water of the juarsh and prevents the generation of 
marshy insects; it also soon destroyos such as are pass- 

ing from the higher level, by the saltness of its water 
to which they arc unaccustomed.” The frequent men- 
tion of sea-side, it is needless to point out, is due to 
tJie situation of the prominent Italian cities on the 

sea-shoixs and of Rome in paiticular, which was the 
object of special study to Vitruvius. 

Vitruvius has also elaborately treated the subject 
of dialing in as many as four chapters (Bk. IX. chaptfirs 

I, II, vin, IX). 

In this matter of dialing, as in many others, 
Vitruvius of course differs in certain deUvils fi'om the 
Manasara. For instance, regarding the principles of dial- 
ing eiich of the twelve months is, in the Manasara 

(VII), divided into three parts of ten days each and the 
increase and decrease of shadoAV are calculated in these 
several parts of the different months. Vitruvius (Book 
IX, chapter VIII), on the other hand, discusses “the 

principles of dialing and the ineiease, and decrease of the 
days, not tlie shadow thereof in the different montlis. 

In botli these works, theiefore, this introductory 
suction comprises exactly eight chapters which bear simi- 
hu' titles anil deal with the same subjects practically in 

the same way. 
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Town planning is tlie next topic treated in both the 
works and it covers exactly tw'o chapters both in Vitnuius 
(Book I, chapters VI, VII), as Avell as in the Manasara 
(chapters IX, X). 

The Manasara describes the subject under two heads, 
Grdnic(r-lahshana and Nagara-vidhmia, and three categories, 
vilhige, town, and fort. Villages are divided into eight 
classes, called damjdka, sarvatohhctdra, nandydvarta, 
padmakay svastika, praxtaray kdrniuka, and chatrmnukha', 
ciich of these ius the names indicate, represents a particubw 
design and layout. Towns are also divided into t.*ight. 
classes: rdjdhdniy nagara, puruy nagcwt khctciy kharvata, 
kuhjaka, and prMana. These refer more to the situation 
and distnbution of buildings than to their shapes or 
designs. 

Forts are first divided into eight classes: sihira, 
vdhininiukay Hhdmya, dromtka, samoidha or vardhakay 
koluka, nigatna, and skaruidvdra. According to their 
situations, they are further classified into mountain fort 
{variadurga), water fort (Jtdu-dnrya), chariot fort rathur- 
durga)y gods’ fort {devct-dm-go), (day fort {‘[Kxhka-durga) 
aiul mixed fort (mi.sra-du7'gci). The mountain fort is sub- 
divided into three classes, as it may be built on the top of 
the mountain, in the valley, or on the mountain slope. 

According to tlic Manasara there is, however, not 
much difference between a v^illage, a town, and a fort. The 
town is the extension of a. village. And the fort is in 
mimy cases nothmg more than a fortified town. There 
seems to be only this difference that a fort is chiefly 
meant for purposes of defence, while a village or town 
is mainly intended for habitation and commerce. But the 
vilhigo scheme seems, all the same, to have oiiginated 
from the plan of the military camp. 

Each village is siUTOunded by a wall made of 
brick or stone. It is supported by rampaits. Boyond 
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this wall there is a ditch broad and deep enough to csiuse 
serious obstruction in the event of an attack on the 
village. There ai’e generally four main gates at. the 
middle of the four sides, and as many at the four 
corners. Inside the wall there is a hirge street numing 
all round the village. Besides, there are two otlier lai’ge 
streets, each of which connects two opposite main gates. 
They intersect at the centic of the village where a public 
temple or hall is generally built for the meeting of the 
villagers. The village is thus divided into four main 
blocks, each of which is again sub-divided into many 
blocks by streets, which are always straight, and which 

run from one end to the other of a main block. The 
two mmn streets crossing at the centre have houses 
only on one side facing the street The ground floor of 
these houses on the main streets consists of shops. 

Hurrounding stretst also has hou.ses only on one side. 

Those houses are mainly public buildings, such as 
schools, colleges, libraries, guest-houses, liquor saloons. All 
other streets generally have residential buildings on both 
sides. The houses In’gh or bjw are always uniform in 
make, 'rhe drains and sewers are made towards the 

.sloping of the village. Tanks and ponds are dug in all 
the inhabited parts and located in .such quarters as can 
conveniently be reached by a large number of inhabitants. 
The tiinples of publu; worehip as well as the public 
commons, gjudens, and parks are similarly located. The 
people of the same caste or profession are generally 
housed in the same quarter. The habitation of the dead 
body burners {vJidn<ldJm) as well as the places for 
cremation are located outside the village w'all to the 
north-west in particular. I’he temples of feai-ful deities 
such as Chamunda are also located outside the wfill. 

A town may be .situated from esist to wcKSt or 
from north to .south according to the position it occupies. 
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There should be one to twelve large streets in a town. 
It should be built near a river or a mountain and 
shouhl have facilities for trade and commerce with 
foreigners. Like a village it should be furnished with 
walls, moats, ditches, gates, drains, paries, commons, shops, 
exchanges, temples, guest-houses, colleges, etc. Towns 
w'cre largely inhabited- by the king, his court, and the 
traders. 

Forts are also siuTOunded with strong walls and 
large and deep ditches. 3’he wall is made of brick, 
stone, and similar lasting materials. It is at least eight- 
een feet in height and its thickness at the base is at 
least nine feet. The cvall is provided with watch towers. 

The fortifietl cities are specially honoured evith the 
palaces of the king, the princes, priests, ministers, and 
military officers. There are also humbler dwellings as well 
as courts of justice, arsenals, traders’ booths, shops, work 
artisans, various as.sembly halls, dancing halls, liquor 
saloons, and gambling halls. 

According to Vitruvius (Book I, chapter V) — 

“When we are satisfied with the spot fixed on for 
the site of the city, as well as in respect of the goodness 
of the air, as of the abundant supply of provisions for 
the support of the population, the communications by good 
roads, and river or sea navigation for the transport of 
merchandise* we should hike into consideration the method 
of constructing' the walls and the towers of the city. 
From the exterior face of the wall towers must be 
projected, from which an approaching enemy may be 
annoyed by weapons, from the ambrasures of those towens, 
right and left, an easy approach to the wall must be 
provided against; indeetl they should be surrounded by 

■"Compare (Chanakya’s saying) — ^1311 
I 'nj *rar 5| aw <i 
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uneven ground, and the roads leading to the gates should 
1)6 winding and turned to the left from the gates. By 
this arrangement the right sides of the attacking toroops, 
wliieh are not covered by their sliields, Avill be open to 
the weapons of the besiegiJtl.” 

“ The thickness of the walls should be sufficient 
for tvvo armal men to p;iss each other with ease. The 
walls ought to be tied, from front to rear, with many 
pieces of charred olive wood; by which means the two 
faces, thus connected, will endure for ages . . . 

“The distance between each tower should exceed an 
aiTOw’s flight , , , . “The walls will be intercepted by 

the lower parts of the towers where they occur, leaving 
an interval equal to the width of the tower, which space 
the tower will consequently occupy. The towers should 
1)0 made either round or polygonal. A square tower is 
a bad form, on aciiount of its being easily fractureil at 
the quoins by the bathring ram ; whereas the circular 
tower has this advantage, that when battered, the pieces 
of masonry, whereof it is composed, being cuneiform, 
cannot bo driven in towards their centre without displacing 
the whole juass, Nothing tends more to the security of 
walls imd towers, than backing them with walls or 
teiTfices; it counteracts the effects of rams as well as of 
undermining . . .” 

“In the construction of rampart.s, very wide and 
deep trenches are to be first excavated; the bottom of 
which must be still further dug out for receiving the 
foundation of the wall. This must be of sufficient thickness 
to resist the pressure of the earth jigainst it. Then, according 
to the space I’equisite for draining up the cohorts in military 
order on the ramparts, another wall is to be built within 
the former, towm-ds the city. The outer and inner walls 
are then to be connected by cross walls, disposed on 
the plan after the manner of the teeth of a comb or 
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a saw, so as to divide tlie pressure of the filling in 
earth into many and less forces, and thus prevent the 
walls •from being thrust out. (The materials are stated 
to be) what are found on the spot, such as square 
stones, flint, rubble stones, burnt or unburnt bricks.” 
(Book I, cliapter V.) 

“ The plan of the city should not be squai’e, nor 
formed with acute angles, but polygonal ; so that the 
motions of the enemy may be open to observation.” 
(Book I, chapter V.) 

“The lanes and streets (of which no details are given) 
of the city should be set out, the choice of sites for 
tlie conveniencfj and use of the state remains to be 
decided on ; for sacred edifices, for the fomm, and for 
other public buildings. If the place adjoins the sea, tlie 
forum should be seated close to the harbour; if inland, 
it should be in the centre of the town. The temple of 
the gods, protectors of the city, as those of Jupiter, 
Juno, and Minerva, should be on some eminence which 
commands a view of the gi'eater part of the city. The 
temple of Mercury should be either in the forum or, 
as also die temple of Isis and Serapis, in the great 
public squara Those of Apollo and Father Bacchus 
near the theatre. If there be neither amphi-tlieatre nor 
gymnasium, the temple of Hercules should be near the 
circus. The temple to Mars should be out of the city, 
in the neighbouring countiy, that of Venus near to the 
gate. According to the revelations of the Hetrarian 
Haruspices, the temples of Venus, Vulcan, and Mars 
should be so placed that those of the first be not in 
the way of contaminating the matrons and youth with 
the influence of lust; that those of Vulcan be away 
From the city, which would winsequently lie freed from 
the danger of fire ; the divinity presiding over tliat 
element being drawn away by the rites and sacrifices 
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performing in his temple. The temple of Mars should 
be also out of the city, that no armed frays may 

disturb the peace of the citizens, and that this divinity 
may, moreover, be ready to preserve them from their 
enemies and the perils of war. The temple of Ceres 

should be in a solitary spot out of the city, to which 

the public are not necessarily led but for the purpose of 
sacrificing to her. This spot is to be reverenced with 

religious awe and solemnity of demeanour, by those 
whose affairs lead them to visit it.” (Book I, chapter 

VTI.) 

It should be observed tliat in the Manasara eight 
distinctive plans of villages, and some twenty-five varieties 
of commercial (;ities and military forts have been described 
with all details. In town planning the Indian authority 
has recommended, almost all the suitable designs, square, 
rectangular, polyogonal. But vitruvius recommends only 
the polygonal one. In the matter of the disposition of 
temples within the city wall and outside, the two 
authorities veiy strikingly correspond. In both the treatises 
the fearful deities .‘ire similarly located outside the city 
wall. 

The following sisven chapters* (XT — ^XVII) in the 
Manasara serve the purpose of a preamble' to the subsequent 
chapters dealing with buildings. 

The first of these (XI) is named, Bhumilamha^' 
literally height of storey, in the Manasara. It is defined 
in the Kamikagaraa as the dimensions of the four sides. 
The contents of the chapter in the Manasara describe 
in detail the measurement of length, breadth, and height 
of buildings of one to twelve storeys assigned to persons 

•Of those seven introductory chapters the twelfth on 
foundation (garbha-nyiisa) should have been in place of the 
eleventh [which treats of dimensions of buildings {hltumi- 
lamba) as in Vitruvius.] 
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of different ranks. The five forms, namely, square, 
rectangular, round, octagonal, and oval, are prescribed for 
buildings of different classes, jdti, chhanda, vikalJca, and 
dbhdm. These shapes are equally applicable to religious, 
military, and residential buildings. A palace of five to 
twelve storeys is stated to suit tlie emperor or the 

universal monarcli, highest in rank among the nine 
classes of kings. Residences of one to three storeys 

are assigned to heir apparent and the cliief feudatories, 
and so on. 

The title of the coiTesponding chapter of Vitruvius 
(Book VI, chapter VIII) is more significant. It is called 
“ Forms of houses suited to different ranks of persons.” 
As in the Manasara buildings are divided exactly into five 
cJaases, though the criteria of classification are different. 
It is stated (Book III, chapter 11) that “ There are 
five species of temples, whose names are, Pycnostylos, 
that is, thick set with columns : Systylos, in which the 

columns are not so close : Diastylos, where they are 
still wider apart : Araeostylos, Avhen placed more distant 

from each other , Enstylos, when the inter- col umnation 

is of the best proportion.” “ The conditions of temples 

arc distinguished,” it is further stated, (Book III, chapter 
1) by their different forms. First, that known by the 
appellation In Antis, then the Prostylos, Peripteros, Pseudo- 
dipteros, Dipteros, and Hypaethros.” “ Circular temples are 

constructed, of which some are Monopteral others are 

called Peripteral” (Book IV, chapter VIII). 

As regards the distribution of buildings it is stated 
that (Book IV chapter HE) “ temples of the Doric order are 
erected to Minerva, Mars, and Hercules; on account of Avhose 
valour, their temple sliould be of masculine proportions, 
and Avithout delicate ornament. The character of the 
Corinthian order seems more appropriate to Venus, 
Flora, Proserpine, and Nymphs of Fountains ; because 
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its slenderness, elegance, and richness, and its oraamental 
leaves surmounted by volutes, si^ein to ba-ir an analogy to 
their dispositions. A medium between those two is chosen 
for temples to Juno, Diana, Bacchus, and other similar deities, 
which should be of the Ionic order, tempeied between the 
severity of the Doric and tlie slenderness and delicacy 
of the Corinthian order.” (Book I, chapter II.) As regards 
the secular buildings, it is laid down that “The houses 
of bankers and receivers of the revenue may be more 
commodious aud elegant than those of persons of middling 
condition in life. For advocsites and men of literature, 
houses ought to be still handsomer and more spacion.s, 
to suit the reception of persons on consultations. But 
for nobles, wlio in bearing honours, and discharging the 
duties of the magistracy, must have much intercourse 
with the citizens, princely vestibules must be provided, 
lofty atria, and spacious peristylia, giwes, and extensive 

walks, finished in a magnificent style If, therefoie, 

houses are elected, thus adaptxxl to the different classes 

of society there will b(5 nothing to reprehend, for tliey 

will be suitable to their Justination I have thus 

described,” (;onchides Vitruvius, “ the projwrtions of town 
residences as I promised. I shall now proceed to 
those of houses in the country.” (Book VI, chapter 

vni). 

ft is needles to point out that the subject matter of 
this chapter is virtually the same in both the authorities. 
The small diffei’cnccs are due to the load conditions and 
requirements of the two different countries. 

Tlie next chapter (XII), Cidlal Garhha^nydsa in the 
Manasara, deids with the foundations whereupon building.s, 
villages or tanks uits built. The foundation is excavated 
in the best ground selected for a stixicture to the depth 
of a man’s height with uplifted arms. It is laid down 
that the bottom of the pit thus excavated must be 
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rocky or watery, in other words, it must reach rock or 
water. It implies that the l)est soil for receiving foundation, 
when* it is not erected on water, is rock, gravel, or closely 
pressed sjuidy earth. 

The depth of the foundation-cave is equal to the 
height of the basement. The four corners and sides, 
built of brick or stone, are equal. This cave is filled 
with water and ten kinds of earth, such as earth from 
an ant-hill, a crab-ciive, etc,, is plac(xl at the bottom, 
and closely pressed and hardened by means of wooden 
hainuiers shaped like the elephant’s foot. Portions of 
certain jdants are then deposited on the four sides ; the 
root of the blue-lotus to the east, the root of white- 
lotus to the south," and so on. Upon these are placetl 
grains of ten lands of cemils such as phaseolus mungo, 
phaneolus radiatus, dolichos uniflorus, sesamum idicum, and 
so on. The vault is built thereon, the details of which need 
hardly be repeated here. lJj)on such strong foundations, the 
sti’cngth w'hereof varies according to the weights of the build- 
ings above, various structures are constructed. “ When we arc 
satisfied,” says Vitruvius (Book I, chapter V.), “with the 

spot fixed on for the site of the city their foundations 

should be carried down to a. solid bottom, if such can 
be found, and should be built thereon of such thickness 
as may be necessary for the j)roper support of that i^art 
of the wall which stands above the natural tenil of the 
ground. They should be of the soundest workiuansliip 
and mateiials, and of greater thickness than the walls 
above.” The importance of solid ground is emphasised 
tmd it is again stated (Book ITT, chapter I IT); “ If solid 
ground Ciin be come to, the foundations shouUl go down 
to it and into it, according to the magnitude of the work, 
juid the substruclion be built up as solid as possible. 
Above the ground of the foundation, the wall should be 
one-half tliicker than the column it is to receive, so that 
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the lower parts which carry the greatest weight, may be 
stronger than the upper part. .....Nor must the mouldings 

ot the bases of the columns project beyond the •• solid. 
Thus, also, should be regulated the thickness of {ill walls 
above ground. The interwds between the foimdations 
brought up under the columns, should be eitlier rammed 
down luird, or archeil, so {is to prevent the foimdation 
piers from swernng. If solid gi’ound cannot be come 
to, and the ground be loose or marshy the place must 
be excavated, (;le{ired, and either {ildty, olive, or oak piles, 
preidously chiirred, must be driven with a machine, as 
close to each other as possible, and the intervals, between 
the piles, filled with cluircoal. The heaviest foundations 
may be laid on such a base. 

These details so strikingly similar in both the 
authorities, can hardly be attributed to mere chimce. 

The next Four chapters (XIII — XVI) in the Mana- 
sara deiil with the column {ind its different parts, pedesfeil, 
base, shaft .and entablature, iind their various mouldings. 
Vitruvius jdso treats the subject in exactly four chapters 
(Book III, clijipter III, Book IV, chiipters I — III). But 
the titles ot the chapters aro ii little different; they are 
named in thi? iNlanasani, upajniha or pede.stal (XIII), 
adhishthmia or base (XIV), xtamhha or .shaft (XV), and 
praatnra or entablature (XVI) ; and Vitrurtus calls them, 

‘ (jolumns ;md their ornaments ’ (Book III, chapter III), 
‘origin of the three sorts of columns {ind the Corinthian 
capital ’ (Book IV, cluipter I), ‘ ornaments of columns ’ 
(Ibid, chaptiH’ 11), and ‘ Doric proportions ’ (Ibid, chapter 
HI). 

“Vitruvius, in the Doric, Corinthian, and Tuscan 
ordens, makes no mention of pedestals, and in the Ionic 
order he seems to consider them rather as a necessary 
part in the constraction of a temple tlnin .as belonging to the 
order itself ” (cf. Book V. clmpter VII). In the Manasain 
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twelve kinds of pedestals are described with detailed measure- 
ments of die various mouldings of each pedestd. A com- 
parisen of these with similar <letails of pedestals, quoted 
in full in the writer’s Dictionary from European authorities 
other tlum Vitruvius, makes it clear that the Indian 
pedestals surpass the Greco-Roman pedestals in variety, 
l)eauty of proportion and the richness of ornament 

As regards the base also there is in tlie Manasara 
a laige variety of types, being sixty-four in number, 
described in detail with their mouldings and ornaments. 
A compimson of the details gathered together in the 
writer’s Dictionary will show that the Indian bases and 
petlostals also are made more systematically and afford 

a gi'eater variety of proportions than those of the Greco- 
Roman orders. In European orders the forms and 
dimensions of both base and pedestal aie fixed by invariable 
rules with respect to the orders in which they are 
employed, while in the Indian orders the choiw is left 
to the option of the artists. 

There are, however, more similarities between the 
Indian and the Greco-Roman entablature, consisting of four 
parts, capital, architrave, frieze and cornice. But the 

massiveness of the Indian entablature offers a striking 
contrast to the lightness of the Grecian. This is shewn 
by a comparison of details, given in the writer’s 
Dictionary, of eight kirrds of Indian and some five kinds 
of Greco-Rornan enfciblatures. 

But the point to be clear about is whether or not 
there is some fundamental resemblance betrveen the Indian 
and the Greco-Roman wlumns as a whole. This is a 
cnrcial point; because the column in a building is stated 

by authorities to be the regulator of tire whole composi- 

tion; and it is the one feature* of the ancient architecture 
which ‘illustrates its rase and progress as well as its 
perfection and weakness, ’ 
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Like the five Greco-Roman orders, calletl Doric, 
Ionic, Corinthian, Tuscan and Composite, columns in ancient 
India were also divided into five classes or orders. . 

In the Manasara they are called Brahma-kdnta 
Vishnu-kdnta, Rndra-kdnta, Shiva~kdnta, and Skanda- 
kdnta. These divisions ai’e based on the general shapes. 
Witli respeitt to dimensions and ornaments they are 
ealle<l Chitra-karna, Vadma-kdnta, Chitra^fdmnhha, 
PdUka-starnbha, and Kmnhha'iitamhha: 

In the Matsya-pumna, the Brihat Samhita, and the 
Kirana-tantra they are called Ruehaka, Vajra, Dvi-vajra, 
PraUnaka and Vrilta. In tlie Hupra-bhedagama the names 
of the five orders are Std-kara, Chcmdra-kdnta, Saumit- 
khya Priyd-<larsana and Subhankart. TJiis last one is 
expressly stated to be the Indian composite order, being a 
{!ompound {inisrita) of Saumukhya and Priya-darmna^ 
exactly like Greco -Raman Composite order, which is a 
compound of Corinthiim and Ionic. 

Between the European and the Indian columns, 
there is a point of difference. Of the Greco-Roman 
orders, the names of the five orders have been left unchanged, 
while in India the names of the five oi-ders have varied 
in various treatises referi-etl to above. It is true all the 
same that the criteria of divisions ai-e essentially the same 
in all these authorities. 'J'his vmiation of tlie names of 
five orders can perhaps be e.Kplained away. The names of 
the Greco-Roman orders according to Vitruvius and other 
European authorities referred to in the Encyiiopedia of 
Architecture by Gwilt are geographical. 

Doric is deriv^ed from the species of columns first 
found in the cities of Doria. That species of which the 
lonians or the inhabitiints of Ion were the inventors has 
received the appellation of <• Ionic. Callimachus constructed 
columns after the model of the tomb in the country about 
Corinth; hem^, this species is called Corinthian. Tlie 
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Tuscjiti order has reference to the country of Tuscany 
in Italy. The Composite is compound of Ionic and 
Corinthian. 

In India, on the other hand, the names of the orders 
were based on the shapes of the columns. And as the 
Indians are comparatively more spiritualistic and sentimen- 
tal rather than critical in temperament and imagination, 
they chose mythologiciil and poeticjil names according to 
the spirit of the times when these vfirions works were 
composed. Thus in the Manasara we see the orders bearing 
the names of mythological deities, Brahma, Vishnu, Budra, 
Siva and Skanda; as well as the poetical names like 
Ghitra~Tcarna (variegated esu‘)» Chitra^sUmdiha (vtuiegated 
shaft), Padma^kdrda (graceful like lotus), Kumhha-stamhha 
(jug-shaped shaft), and Pdlika-stanibha (shaped like a 
measiuing pot). In the Agama, the names ai’c more 
poetical — Srihura (beautifying) ; Chamlra-hdnta (graceful 
like the moon), Saumulchya (of a chaiming face), and 
Snhhahkctr (auspicious). In the Purana, the Brihat- 
sarnhita, and the Kirana-tantra, the names combine beauty 
and utility — Ruchaka (pleasing), Vritta (round and digni- 
fied), Vajra (beautiful and solid like the club). Dvi'-vajra 
(doubly so), and PraUnaku. 

With regard to the names and functions of tlie 
component parts of the column the variation is a little 
less marked. The number of these sub.scrvient parts, 
called mouldings and common to all orders, is very 
significant. Thus in the Mamisara, which, of dmost all 
the treatises, deals separately and exhaustively witli the 
pedestal, the base, the column or shaft, and the entabla- 
ture, mention is made in connection with the pilhu* of 
five mouldings apparently of the shaft. They are called 
hodhikd, mushii-barulha, phalaka^ tdtikd, and ghaia. But 
the total number of mouldings, when base, palestal, and 
entablature are also taken into consideration is forty-seven. 
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Thu yupni-bhedagami describes two sets of seven mouldings ; 
one set lefening to the column of ' the main l)uilding 
and the otlier to tlmt of the pa\'ilion. They are cjilled .’.•espec- 
tively (km<la, mandi, kantha, kumhh'.i, phalakd, tnra-kcmtha, 
and potikd, and hodhikd, uttara, rdjana, ^nurdhikd, tuld, 
jayanti, and tala. I'his increasing number of mouldings has 
1 ‘eached the significant number of eight in tlie Matsya-purana, 
the Brihat-samhita, and the Kirana-tantra, and bears the 
very same eight names — vahana, ghata, padma, utta/roshtha, 
bdlndya, hdra, tuld, and upa-tidd» 

Tlie component mouldings of the Greeo-lioman orders 
are also exactly eight in number; and. like the live orders 
themselves their names have remained invariable ever since 
their introduction, though most of them have been given 
moi'c than one name. They are (jailed (1) the ovolo, 
echinus, or (juarter round ; (2) the talon, ogee, or reversed 
cyma ; (13) the cyma, cyma-recta, or (ymatiam ; (4) the torus ; 
(5) the scotia or trochilos ; (0) the (javetto, mouth, or hollow ; 
(7) the astragal, and (8) the fillet, listel, or annulet. 

Some of the eight mouldings ot' the Indian order can 
be identified, with a. reasonable certainty, with the corres- 
ponding mouldings of the (.Ti’ceo-lioman order. 

Padnla for instancxi implies lotus (petal), and cyma 
also suggests tlu! same thing. UUaroshtha, literally die 
lower lip, and the (javeto, mouth, or hollow ai'e appaientiy 
die same. Hdra, meaning chain, seems to imply the same 
object as the torus, head or astnigid. Ghata means a 
pot; it may eoiTcspond to the ogt'e, tolon or reversed cyma. 
Vahana is that which supports anything, and the abacus 
also serves the same purpose; so they may correspond to 
each other. Tuld and wpa-txdd otherwise called vdjana and 
lUtara seem to correspond to the fillet, listel or annulet. 

'rhe proportionate measurement of the columns is 
another important point of comparison. The detoils jue 
discussed in the writer’s Dictionary. The firet Indian sort 
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is six diameters high, the second seven diameters, the third 
(‘iglit diameters, tlie fourth nine diameters and the fiftli ten 
diamejjers high. 

“ Concerning the projwrtions of columns ”, says Ram 
Raz (page 38), “ the second sort of column in the Hindu 
arcliitecture may be compared with the Tuscan, die third 
witli the Doric, the fourth ivith the Ionic, and the fifth with 
the Corinthian or Composite pillar.” He further adds, 
“ there sme other columns in the Indian architecture, not only 
one diameter lower than the Tuscan, but one to two diameters 
higher than the composite.” Bame is also the case with the 
European columns. “The orders and their several characters 
and qualities,” says Gwilt (2538), “ do not uierely appear in 
the fixed .species of columns into which they have been 
sub-divided, Imt are distributed throughout the edifices to 
which they are applied.” 

“Both the Indian and Giwian wlumns are diminished 
gradually in their diameter from the base to the summit 
of the shaft, a practice which has never been obsei’ved in the 
Egyptian ; on the contrary, a diametrically opposite rule 
has been observed in their shafts, which are made narrower 
at the bottom than at the top. . . . The pj’oportion in 
which the diminution at the top of the columns of the two 
former (Indian and Greco-Rmnan) is made seems to have 
been regulated by the same principle, though not by the 
same rale. The geneial rule adopted by the Hindu 
architects in this respeert is, that the thickness at the 
bottom, being divided into as many parts as there aie 
diameters in the whole height of the column, one of 
the.se parts is invariably diminished at the top ; but in 
the Grecian and Roman architectiue, the diameter of the 
upper part of the shaft, in a column of fifteen feet 
in height, is made one-sixth less than its thickness at 
the base; and in a column of fifty feet, the diminution 
is one-eighth. The higher the columns are, the less they 
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fliiniiiish, because tlie apparent diminution of the diameter 
in columns of the same proportion, is always greater 
according to their height, and this principle is supposal 
to have been disco vei-ed with gieater scientific skill, and 
is adducetl as one of the pi'oofs of the highly refined 
taste of the Greeks: but we observe that precepts derived 
from the same principle have been taught and practised 
in India from time immemorial.” 

The point at issue is not the actual identification. 
The striking similarities in the names of the mouldings, 
like padma or cyma, hdra or bead, or in the names of 
orders like the Misrita or Composite may sometimes be 
atti'ibuted to inexplicable accidents. But in view of 
other striking similarities between Vitruvius and the 
Manasara, the classification of orders into exactly five ; 
and the division of subservient paj'ts, called mouldings 
and common to all the orders, into eight iind also the 
proportionate measurement vaiying equally from six to 
ten diameters, and tapering almost in the same way seems 
to liave been due to some thing more substantial Uian mere 
chance. An influence, direct or indirect, of the one upon 
the other seems beyond doubt. I venture to think, 
further, that tlierc might have been a relation of indebted- 
ness between the two authorities. 

The concluding chapter of this section in the Manasara 
deals witli joinery. No sepm'atc treatment has been 
accorded by Vitruvius to this subject. 

The next chapter (XVIII) in the Manasara is a 
summary of details concerning buildings of various storeys 
and kinds describetl in chapters XIX — XXX. The chapters 
following XXXI — XXXVT, deal with attached buildings 
of various descriptions and requirements. The chapter 
XXXVII refers to the first entry into newly built house. 
Doom are separately described in two chapters XXXVIII — 
X^XIX ; so also the royal palaces and courts are described 
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in clmptevs XL — XI JT. Cars and chariots, couches, and 
tJirones are tmited in the next lliroe chapters XLITI — 
Arches aie separately describetl in chaptei- 
XIjVII, so also llie theatre {Mmlhya-rahga) is treated in 
chapter XIjVIII. And this architectural portion of the 
Manasara ends with the descriptions of crowns (chapter 
XLIX) and of ornaments and articles of furnitui-e 

(chapter L). 

The sculptural portion of the work (chapters 
LI — LXX) deals Avitli the art of carvinf? and measuring 
iraiiges. This portion practiciilly comprises illustrations 
of the tala mefisures. Vitruvius, as we shall show 
presently, has not treated the subject separately ; he has 
mixed it up with the architectural description. With 
regard to these subjects the comparison between the 
Manasara and Vitruvius need not be lengthy. Both 
these authorities in matters of detail must necessarily 
differ from each other even if the one Avei-e translaled 
from the other: because the local conditions and national 
requirements were entirely different I’egarding not only the 
residential buildings but also temples. On the broad lines 
of methods and principles, however, the comparison can be 
briefly continued with the expectation of fiuitful resulte. 

Thus, in the Manasain, the whole compound of the 
house is divided into five courts (chapter XXXI), each of 
Avhich is fui’nished with a gate-house (chapter XXXIII) 
and a large number of detached buildings is also built 
within each court (chapters XXXH, XXXVI, XIX— 
XXX). 

Vitrurius filso divides the w'hole compound into exactly 
five courts (Book VI, chapters III — VII). “There are,” 
says Vitruvius, “ five species of courts ; which receive their 
names from their forms. The Tuscan, the Corinthian, 
the Tetrastylon (with four columns), tHb Di.spluviatum 
(open at the top), and the Testudinatuin (roofed).” 
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III the Manasfirii also, if sliould })0 nofecl, fivo fofjlmical 
names liavo IxK’ii given to these five (courts, cintarnmndala 
(innermost court), anta-nihard (the second (jourt), mctdhya- 
nihdrd (the middle court), (tlie tburtli court) 

after wliich tlio chapter has been named, and which is 
stated to be first introduced in the ManasSra, though as 
many as seven courts are descril)ed in the Mrichchhaka- 
tika. The fifth one is called mahd-mwyddd or ‘extreme 
boundaiy.’ Thus in the Manasara tlie courts receive 
their names from their situations, and not from their 
forms. Forms are discussed in the Manasara also. In 
fact the treatment of this subject like all others is by 
far the more exhaustive in the Manasara. Even tlie 
five gatehouses of the live courts have been treated at 
great length in a separate chapter (XXXIII) and’ given 
five technical names, dvaronsobha, beauty of the gate, 
belonging to the antamiandala or first coiu't ; dvdra-sdld 
(lit ‘ gate-house of the second court), dvdra-prdsdda (lit 
edifice of tlie gate), dvdra-harmya (lit palace of the gate) 
and mahd-go'pnra (lit. gieat gate-house). 

Within these cmirts buildings of different requirements 
haA^ been similarly distributed by the two authorities. 
For instance in the M.anasara chaptei’ XXXVI is calknl 
Griha'-mdnd-i^lhana vinydm literally meaning ‘ location 
and measurement of house, and chapter XXXII is called 
Parivdra-vidhdna, meaning the buildings for the members 
of the family (of gods). The (Kirresponding chapters (Book 
ATI, chapters I, IT, IX) are named by Vitruvius ‘situ- 
ation of buildings according to the nature of different 
placies,’ ‘proportions of pnvate buildings to .suit the nature 
of the sites,’ and ‘proportions of houses in the coimtiy.’ 
Detached buildings situated both within the compound 
and outside have been described in the Manasara in two 
very lai^e ehfflitei-s (XXXIV, XXXV) called Mnndapa 
and Sdld. The term Mandapa is used to imply first a 
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house or pavilion built in a village or on the bank of a 
«ea, river, tank or lake ; secondly, all the detached buildings 
within a compound which is divided into live courts, lastly 
it implies various sorts of rooms in a temple or residen- 
tial building. Sold also implies almost the same sort 
of buildings; but they me more commodious and their 
forms and twelve storeys are taken into special consideration. 
The chapter VI. (Book 1) called by Vitruvius ‘distri- 
bution and situation of buildings within the walls ’ may 
be compiu’ed with ‘‘Mamlapa' and Said’ with respect to 
general principles and methods. But Vitruvius’s ti-eatment 
of the subject is comparatively brief. The similar extremely 
brief treatment of Vitruvius with regmd to Jin individual 
building also becomes obvious when his “ Airangement 
and parts of Cliocian houses” anti “Intenor of the ceil 
and the anrangement of Pranaos” described in two small 
iliapters (Book VI, cha[)ter X, book IV, chapter IV) are 
coiupai’ed with the oxliaiistivc description of the similar 
subjects detailed in some thirteen chapters (XVIII — XXX) 
in the Rlanasara. 

Doors are sepai’ately tlescribed by both the authorities. 
Vitravius calls the cliapter “Proportions of the doors of 
temples” (Book IV, chapter VI). In the Manasara tlie 
subject is treated in two chapters (XXXVIII, XXXIX), 
called '' Dvdra-sthdina’ (locjition of doors) and ^ Dvdra-mdna’ 
(measm*ement or proportions of doors). Both authorities 
classified doors under three spr^cies. Vitruvius calls them 
Doric, Ionic, and Attic ; and in the Manasara they are 
called Ghhcmda, Vikalpa, and Ahhdm. Here is a striking 
poirrt of similarity with respect to an important omission. 
In the Manasara the jdti class always goes with the other- 
three classes mentioned here. Vitruvius has also omitted 
Corinthian and Trrscan which generally go ^witli Doric and 
Ionic. In the Manasara the height of the door is stated 
lo be, as a. general rule, twice its breadth. “Their width,” 
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says Vitriinus, “is found by dividing tlio height into two 
parts and a half, and taking one and a luilf for the width 
below.” Single folded as well as double folded /loots 
are inention(jd in the Manasara. Vitruvius has referred 
also to four-fold doors. 'Hie Indian doors are properly 
decorated with foliatetl ami floral oraaiuents as well as the 
images of deities. “These doors,” says Vitruvius, “arc not 
to be inlaid (eerestrota), nor in two folds, but single 
folded, and to open outwards ”. According to Vitravius 
doors are generally i^onstnictal in the middle of the 
front wall. But according to the Manasara doors may also be 
constructed sometimes not in the centre of the fronbige, but 
on either side of the middle. 

Windows are not scpmutely desenbed by Vitmvius. 
But in the Manasara a long description of them has been 
given at the end of tlu; chapter XXXIU ; similarly an account 
of stiiir-cases, omitted by Vitruvius, is found in the Manasara 
at the end of the chapter XXX No separate mention has 
also been made by Vitruvius of arches to which subject an 
entire chapter (XLVI) has been devoted in the Manasara. 
Virtuvius has also left out the descriptions given in tlie 
Manasara of csirs and chariots (chapter XLIII), couches 
(XLIV), tlironea (XLV), crowns (XLIX), ornaments of 
the body and articles of house furniture (L), as well as 
the ornamental tree (XLVIII). 

Tn the Manasara, on the other hand, a very brief re- 
ferenct? is made to a subje(^t i-eseinbling a. theatre, to which 
Vitruvius has devoted several chapters (Book V, chapters 
III — IX). Vitruvius has not treated sepfirately the royal 
palaces found in the Manasara (chapters XL — XLIE), which 
has, however, hail no plaio in it for descn’ption of special 
buildings, such as I^orum and ‘Basilica, tretisury, prison, and 
cmaos,’ ‘harbours and other buildings in water’ (Book V, 
chaptei’s I, II, XII). Building materials, though frequently 
mentioned, are not describetl in the Manasara in separate 
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chapters. Vitruvius has devoted some eight chapters 
to it (Book n, chapters III — ^X), bricks (compare 
Manasara, chapter XII last part), sand (M. XII), lime 
(M. LI), Pozzolona, stone quarries (M. XV), timber 
(M. XV) and fii’s, called Supernas and Infemas, and of 
the Apennines. 

Vitruvius deals with painting and pieparations of 
colours in the most pai’t of a book (VII) of fourteen 
(hapters. This subject as w'ell as Vitruvius’s books 
(VTIT — ^X) on Instillments, Machines and Engines have 
had no place in the Manasara. In place of these matters 
some twenty chapters (LI — ^^LXX) of the Manasai’a have 
been devoted to sculptural matters to which only the following 
brief and Ciisual reference has been made by Vitniviiw 
(Book ni, chapter I). 

“In truth they (symmetry and proportion) are *a.s 
necessary to the beauty of a building as to that of a 
well-formed human figure, which nature has so fashioned, that 
in the face, from the chin to the top of the forehend, or to 
the roots of the hair, is a tenth part of the height of the whole 
body. From the chin to the crown of the head is an eighth 
part of the whole height, and from the nape of the neck to the 
crown of the head the same. From the upper part of the 
breast to the roots of the hair a sixth ; to the crown of 
the head a fourth. A third part of the height of the face 
is equal to that from the chin to the under .side of the 
nostrils, and thence to the middle of the eyebrows the 
same; from the last to the roots of the hair, where the 
forehead ends, the remaim’ng third part. The length of 
the foot is a sixth part of the height of the body. 
The fore-arm a fourth part. The width of the breast 
a fourth part. Similarly have the other members 
their due propoiiions by attention to which the 
ancient painters and sculptors obtained so much reputa- 
tion ” 

8 
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" The naval is naturally placed in the centre of 
the human body, and, if in a man lying with his face 

upward, and his hands and feet extended, from his 
naval as the centre, a circle be described, it will touch 

his fingers and toes. It is not alone by a circle, that 

the human body is thus circumscribed, as may be seen 

by placing it within a squam For measuring from the feet 
to the crown of the head, and then across the arms fully 
extended, we find the latter measure equal to the former; so 
that the lines at right angles to each other, enclosing the figure, 
will form a square.” 

“If nature, therefore, has made the human body so 
that the different members of it are measures of the whole, 
so the ancients have, with great propriety, determined that 
in all perfect works, each part should be some aliquot part 
of the whole ; and since they direct, that this be observed 
in all works, it must be most strictly attended to in temples 
of the gods, wherein the faults as well as the beauties remain 
to the end of the time.” Tins is all about the defects to 
which in tlie Manasara a whole chapter (LXIX) practically, 
one of the two concluding chapters of the work, is devoted. 
It is cidled ‘ Ahga-dmhana ’ literally ‘defects of the limbs.’ 
In both the authorities the subject is discussed in connection 
with sculptural objects, but curious enough, defects and conse- 
quent penalties concerning images and idols have been 
entirely left out both by Vitruvius and the Manasara. Both 
the authorities have referred to the subject concerning 
buildings only. This sort of similarities cannot be due to 
mere chance. 

“It is worthy of remark,” says Vitruvius, “that the 
measures necessarily used in fdl buildhigs and other works, 
are derived from the members of the human body, as the 
digit, the palm, the foot, the cubit, and that these form a 
perfect number, ciilled by the Greeks, “T^leios.” Phonetically 
this is same as the tala measure. In the above quotation 
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Vitruvius has briefly referred to only the eighth variety with 
which the male human figure is measured by the Indian 
authorities also. Details of the tala measures given in the 
writer’s Dictionary need not l«i repeated here. It should 
also be noted that in both the authorities the face from 
the (ihin to the crown of the heiid is tiiken as the 
standard of all the tala measures which number ten in tlie 
Manasara. 

The last point of comparison between Vitruvius and 
the Manasara is in respect of the linguistic style. The 
importance of this point can hfu’dly be exaggerated. We 
have already pointed out that ^ilpa-Sastras or architectural 
treatises in Inilia were written in a veiy peculiar style. 
Sanskritists like Dr. (>. Biihler and Sir R G. Bhandakar 
have truly branded it as the ‘ most barbarous Sanskrit’ 
The remark really means that all possible sorts of violation 

of the rules of grainmar and rhetoric have been committed 

/ 

in the language of the Silpa-Sastra. The matter has been 
discussed elsewhere in great detail which need not be 
repeated here. One of the theses presented by the 
writer before the Leiden University and passed in his 
favour by that learned iissembly after long discussion 
was this: 

“The ungrammatical style of Sanskrit revealed in 
the branch of literature of which the Manasara is a 
representative, is due to the want of literary proficiency 
on the part of the professional arcliitects, who seem to have 
been the authors of it.” With this the following apology, 
for ungrammatical style, of VitiTivius (Book I, chapter I) 
may very fruitfully be compai’ed. 

“I beseech you, O’Caefsar,” .says Viti’uvius, “and tho.se 
who read tliis my work, to pardon and overlook grammatical 
errors; for I write neitlier as an accomplished philosopher, 
an eloquent rhetorician, nor an expert grammarian, but 
as an architect : in respect, however, of my art and its 
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principles, I mil lay down rules wliicb may serve as an 
autliority to those who build, as well as to those who su^ 
already somewhat acquainted with the science.” , 

1 cannot help thinking that if the writers of the 
Silpa-Sastm, generally, and the author of the Manasara in 
paiticular, were conscious of the nature of their style they 
would certainly have addetl to their treatises an apology 
like that of Vitruvius. 1, further, hold that this ungram- 
matical style is a very extraordinary and striking 
similarity between tire Manasara and Vitruvius, inasmuch 
as such similarities are possible only in case of a 
literal translation or copying from one language to another 
by an unskilled hand. 

There is yet another curious similarity between 
Vitruvius lurd the Manasara. It is regarding the title 
of both the works. Both are hidden in a mystery. 
Vitruvius’s work bears practically no titles. It is called 
by his translator’s ‘The rn’chitectee of Marcus Vitruvius 
Polio.’ It has been pointed out in the pruface that the 
term ‘ Mauasiira ’ also admits of various interpretations. 
For sage, Manasara is a very unfamiliar name. No such sage 
is mentioned in the various branches of Sanskrit literatmu 
except in this newly discovered Vastu-Sastra. A king of 
Malwa, however, bore this name. As a daivative name, 
Manasara, meaning essence of mmsurement, and suitable 
for a work like this, might ha\u some philological 
resemblance with ‘mensuration’. The derivative me aning 
of the term ‘Vitriuius’ is imcertain. The point, however, 
to which attention is invited, is the curious similarity 
between the treatise of Vitruvius and the Manasara 
in respect of the unwrtfun significiince of their 
titles. 

There is also an unmiainty linking over the ages 
in which the architecture of Vitruvius and the Manasara 
were composed. “It is likely that” the former “was 
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composed twenty-five years before the Christian era. ” 
This conjecture is based mainly on Vitruvius’s mention 
of hi§ patron Julius Caesar. But there is no mention of 
anybody under whose patronage the Manasara might have 
been composed. 

The similarities so briefly outlined will be more 
convincing to l-hose who have csirefully studied both Vitruvius 
and the Mamisara. 

Those who are, however, inclined to think like myself 
and refuse to attribute all these affinities to mere chance 
will be anxious to find out the c«)nnecting h'nk between 
the two authorities. 

There is the expedition of Alexander the Great to 
explain the Grecian influence on the Gandhara sculpture. 
The ‘questions of Menandar’ may perhaps account for the 
title Milandnphami. There is again the Rmiaka-sidhdnta 
to explain the influence of the Roman astronomy upon the 
Indian Jyotisha-^astra, which had, however, already estab- 
lished itself as one of the six essential limbs of the Ved.% 
the most ancient existing lore of human learning. Similarly 
the art of building, which is intimately connected with all 
living beings, was developed by the ancient Hindus at the 
early Vedic period. But the Silpa-Sastra, which is but an 
analysis and commentary of the art, was necessarily evolved 
much later. There are retisons to think that the Manasara 
is not the first work, where the ‘ essence of measurement and 
the system of proportions ’ were codilied in the form of 
Sastra, though it may be the stand.'ird treatise. 

Until, however, the missing link is found out, it is 
just possible to think that a thhd work or some floating 
traditions might have influenced both these treatises. It 
will, therefore, serve no usefid purpose in trying to further 
develop the nature of the various similarities between 
Vitiuvius and the Manasara. 1 would not, therefore, 
hazard an opinion at present regarding the influence, direct 
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or indirect, of the one upon the other. There are some 
arguments in favour of both to claim the priority. I 
shsdl be content, for the present, if the learned world be 
convinced that tliere are undeniable similarities between 
the two standard works and that these affinities are not 
accidental. 



PERSIAN LOAN-WORDS 

IN THE 

RAMAYAN of TULSIDAS. 

BABURAM SAKSRNA, M.A., Lecturer in Sanskrit. 

1. The language of the Raniayan represents broadly 
the Awadhi of the 16th century A.D.* Awadhi, as it 
exi.sted then, however, was ill-suited to the purpose of the 
author. Tt was a language of the common people and had 
been little used for literary purposes. Malik Muhammad Jaisi 
is the only known writer in Awadhi who preceded 
Tulsidas. The author of the Ramayan adopted this 
language as the vehicle of his thought, since his aim was 
to make the story of Rama, his God, popular amongst 
the masses of his country. In this he was eminently 
successful. Blit he had to flood his language with loan- 
words, to make up for the deficiency of vocabulary. 
His cliief source for borrowing was the Sanskrit languagtf 
together \vith the Prakrit languages. A large number of 
words have been taken from the court language of the 
time viz., Per.sian and a few from Arabic also through 
Persian. The present paper deals with tlic.se Persian and 
Arabic words. 

2. These loan-words are all full words i. e., words 
which express complete ideas viz^ substantives and adjectives. 
It is rare for a language to borrow particles, pronouns 
or verbs. When classified, tliese words fall under the 
following heads: — 

(a) words to denote things newly introduced e. cf., 
caugana, 'piroja, gaca, hdjtgara, kdgaja; (b) military 

^ Vide Baburam Sakaena : Lakhimpari — a dialect of modern 
Awadhi § 16, J. A. S. B., XVIII (N. S.) No. 5. 
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words e. y., phmtja, hotala, iarakasa; (g) words used 
in law-courts e. y., mjdt, pai'aivdnd, hibdkd, mht, hawdle, 
hcDuUkhdnd; (d) words to address the noble classes' e. y., 
mhiba, garthanexodja, .nrafdja, yam; (c) words denoting 
abuse or depreciation e. y., kwa, khxidx'u, xnajuri, poca, 
bihdlu; and (f) miscellaneous words generally used by 
the gentry e. y., bidd, ddesd, jamdta, aximreba, bdga. 

3. Tt is veiy natural that such words as express 
new ideas or denote things newly introduced should gain 
ground in the borrowing language. All efforts to subs- 
titute approximate translations from the language very 
generally fail. For instance in modern Awadhi such 
words as Idlten, rel, tikat, .'tamman, tilldm and lankaldt 
have come to stay. The military words as well as those 
of courts of law are also taken in a language, if the 
rulers — the conquering nation — stay in the conquered 

country for a pretty long time. The old military as 
well as administrative terms, owing to disuse, are forgotten 
by and by, while the cuirent ones stay on. It is also 

generally that thtt words used to address the noble classes, 
the rulers become popular being very frequently iii use 
sinco desired by tlie rulers themselves. The rulers, 
however, in turn shower abuses on the conqueml people 
who take them up and u.se them against their own people.* 
As for the othei- words, “ People will very often use 

foreign words where it would have been jwjrfectly possible 
to express their ideas by means of native speech-material, 
the reason for going out of one’s own language being in 
some cases the desire to be thought fashionable or refined 

’ It has been noticed that the servants brought down from 
the hills (Kuiuuon and Garhwal) to serve their masters in the 
pliiins of Northern India very easily pick up Hindustani 

abuses and use them against their fellow-hillmen while speaking 
their own dialect. The same is the case with the Indian 

servants of European oflicers. 
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through interlarding one’s speech with foreign words..,”’ 
This rejison Avould operate to a great extent amongst a 
conquered people. 

4. Once a foreign Avord is adopted in a language, 
it undergoes the changes necessary for assimilation into tin* 
language. Persi.an .and Aj'abic loan-AA'ords also h.aA’e imdergoiu* 
these changes. They may ho classed ns Phonetic and Gram- 
matical. 


PHONETIC CHANGES. 

5. The folloAving phonetic changes in these loan- 
words haA'e taken place: — 

(aj substitution of neju’est AAAaxdhi sounds for such 
Persian or Arabic sounds as are absent in AAvadhi; 

(h) such changes as make these loan-words fit in in the 
general phonological system of AAvadlu; 

(c) changes for the sake of metre; 

(d) other phonetic changes. 

6. Sustitution of neaiest sounds is a common 
feature of a boiTOwing hmgujige. Modern AAViulhl does 
not allow a consonant to be inecaled by .any nasal but 
of its OAAm class. Arabic imlikdn, therefore, becomes 
iniihdni labial nasal being clumged into dental to suit 
the dental consonant t. Tlie same Language does not admit 
a nasal after a consonant and, hence, Avhen it borroAA’s 
a word containing that conjunction it modifies it c. (/., 
English signal > Aw. sihgal. 

The sounds peculiar to Persian and Arabic undergo the 
following changes : — 


(1) 2 (Jf > ^ o.g. hdk% < hdqi, lay aka < Idyaq ; 



I'Jiart, 


'O. Jesperson : Language, its Nature, Development and Origin, 
p. 210. 
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(3) g ^>9 e.g. gariha < garth, gant < gani ; 

(4) or yjl >> 3 e.g. jtm < zm, haja < hdz, rajai < razd ; 

(5) zb>d e.g. gndarata < guzar, hdgada < kdgaz ; 

(6) / o >ph e.g. phauja < fauj, sardpha < sardfa ; 

N.B . — ^In one word, however, /> p, pirojd < firozd ; 

(7) sh o}' s \jo> s e.g. nisdnd < nishdna, sahandl < 

shahndt, .^dhiba<sdhah, saht < mhth; 

(8) h e.g. sahi < mhih, sdhiha<sdhah ; 

(9) ’ £>i w is ineffective if coming with d e.g. 

jamdtd <jamd't. 

7. All bases in tlie Kamayan end in vowels.* 
Short vowels have, therefore, l)een added to such consonantal 
bases as were bonowed fron Persian and Arabic. Generally 
an ~ct or -w is added to such bases as ai'e taken to be 
masculines {vide infra § 11 ), tlie -u ending being only a 
penultimate stage of the ~a base®, and we find -a and 
forms of the same base, foreign or otherwise, standing 
side by side in the Ramayan. For instance puopoca or 
poc-u, hdz>hdjaov bdjv., sdz>sdja or sdju, hdl>hdld or 
hdlu. Generally -i was added to such consonantal bases as 
were taken to be feminine e.g. khcihar> khahari, gardan< 
garadani, razd > rajai, ftazd > .^ajdi. 

In modern Awadhi all bases which earlier ended in -a, ’ 
-i or -u have become consonantal, the last vowel coming 
in only when the pronunciation is specially slack and even 
then these vowels are pronounced very lightly.* It is probab- 
le that by the time of Tulsidas these short vowels at the end 
of bases wm-e lightly pronounced, though they were fully 
represented in writing and were counted for tlie purposes of 
meti’e as full vowels making syllables. The practice goes on 

* Vide B. R. Saksena ; Declension of the Noun in the 
Riimilyan of Tulsldils,§ (Ind. Antiquary LII 15)23, p. 71.) 

® Vide Declension of the Noun in the RamiXyan§ l.'l and § 18. 

* Vide Lakhlrapurl Awadhf § 4. 
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in modem Awadhi also e.g. cor is written as cora but 
pronounced as cor and counted for metre as two syllables in- 
spite* of the pronunciation. 

A long syllable if it is more than two syllables 
away from the end (and one of tliese two is long or has 
long effect) is shortened* e.g. hdzdr>hajdra, btbdqi> 
biOdki. 

Initial v- of a loan-word also, becomes b- in 
Awadhi c.g. vidd,>hidd, in common with the languages 
of East India e.g. barana < varna, barisa < var§a, hds< 
vanisa. 

Conjunction of dissimilar consonants was avoided from 
the time of the Prakrits either by an assimilation of con- 
sonants or by introducing svarabhakti. Similarly in tlie 
case of the present loan-words the svarabhakti comes in and 
avoids a conjunction e.g. 

a as in darabdra < darbdr, hakasifta < bakhshish ; 
i as in jinisa< jins; 
u jis in khudru < khvdr through khuvdrn. 

The change of i into e was a common change m Prakrit 
or its vice versa, and the lojm words have not esftiped it 
sometimes e. g. hcbdkl or bibdki, belhdlu or bihdlii. 

8. Tulsidas brings a few minor changes to bear upon 
his words, borrowed or otherwise, when he wants it for 
the purposes of regulating metre. The following changes 
have been noticed in the loan-words: — 

(1) the quantity of a vowel, generally the last, changes i.e. 
a short vowel becomes long or vice versa e.g. 

-a > -d in caugdnd, nisdnd, hold ; 

-* > -« in bardbari ; 

-u > -w-in kahuli. 

(2) a nasal or an anusvdra bea)mes simple nasalization 
e.g. kimgura > kdgurd, andesh > ddesd. 


* Gf. LakhTmpuri A^wadhl § 7. 
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9 . The correct foruis of certain loan-words have under- 
gone a few phonetic changes which cannot be said to be 
necessary. These are:— 

« > i in sdhiba, a > e in newaje, w > a in kagurd and majurt. 
It appears probable, however, that the incorrect forms of 
these words were generally spoken by foreigners and so 
these incorrect forms were taken in the Awadhi language. 
Tliis is presumed since even now one hears sdheh, iiewdz'ish, 
kahgtira and mazclurz from the lips of those who are 
expected to speak sdhab, nawdzish, kuhgura and miizdurt 
respectively for tlie above words. 

The substitution of c for j in kirica < kirija is probably 
by contamination from hire, a word in the same sense. 
The t for d in stipeti, however, seems to be inexplicable 
unless it be an orthographical error. 

Two words have shortened the number of their syllabic 
sounds viz. metjuri < muzdurz and kahdru < kdrbdr. The 
contraction is hard to exphiin except on account of the 
frequency of use'. 

GKiVIdMATICAL CHANCRES. 

10 . “When a word is bonowetl it is not as a rule 
taken over witli all the elaborate flexion which may belong 
to it in its original home; as a rule, one 10111:1 only is 
adopted...”®. Awadhi generally bonows the crade form from 
the Persian. But once being boiTowed, the loan-word is 
treated just like any other word of the language. The 
following mxi the changes which a Persiim loan-word 
undergoes in the Kamayan: — 

( 1 ) A present participle is formed by adiling an 
affix to a simple noun e. g. gudarata<gxi%ar by adding 
-aia \ 

' cf. Lakhimpurl Awadhi ill. 

“ O. Jesperson : Language p. 213 
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(2) a past participle is formed from a simple noun 
e. g. ddge < ddg, newdje < nctwdz ; 

(8) an adjective from a noun e. g. phardka < farq ; 

(4) an oblique case is given to a noun e. g. haduXe 
< badal, sdde < sddu, sdhibahi < sdhaO, palakanhcc <palak ; 

(5) an Tndo-Aryan prefix is addetl to a loan-word 
e. g. su-sdhiha < sd?iab, kusdju < &dz ; 

(6) tm Indo-Aryan word is substituted for a Persian 
loan-word in a compound, the whole resulting in a hybrid 
compound c. g. sira-taju < aavtdja ; also cf. bhuya-khaya- 
bdjah. 

GENDER OF LOAN-WORD8. 

1 1 . Awadlil has only two genders —masculine and 
feminine, the neuter nouns of (Sanskrit, as pointed out by 
BeamesS having generally been turned into masculines. 
Persian, however, has no gender from a gi-ammatical point 
of view*. Persian words borrowed by AwadhI, therefore, 
had to adopt one of the two genders. 

12. Two principles seem to operate gemrally in 
giving gender to loan-words. Firstly, il the boiTOwing 
language luippens to possess a word approximating in sense 
to the loiui-word, the gender of such a word is given to tlic 
loan-word also c. g. the word rel (Eng. ‘rail’ used in the sense 
of train in India by common people) is of the feminine gender 
in Awadhi on the model of gdfi (eonveyjmce). Or, the 
word “letter” used by the educated Hindustani people 
while speaking their own language is sometimes masculine 
and sometimes feminine. A man from Benaies would 
generally say “ letar di fmi ” while a man from Mor.idabad 
would say “ letar dyd haiX This is because the usual Hindi 
word for expressing the sense of the word “letter” is 

‘ Vide John Bcames : Coniparativo (Grammar of the Modem 
.Vryan Languages of India, Vol. II, p. 147. 

Vide E. H. Palmer : Simplified Grammar of lliudushtnl. 
Persian and Arabic, pp. 31-32. 
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cithi (feminirwi) at Benums and khcit (masculine) at 
Moradabad. It is on tbis principle that gardani (Skt. 
grivd), khotbari (Skt vdrtd), kitdha (Pkt pothl) tdrikh 
(Skt. tiihi) aiH* feminine while soru (Skt koldhala), kdgaja 
(Skt. patrci) are masculine. 

Secondly, if the language does not possess any 
word approximating in sense to the loan-word, it is given 
the gender which that type of native words takes in 
the language generally. For instance the word I din 
kiliar (Eng. line dear) is treated as masculine in 
AwadhI since the consonantal bases are generally mas- 
culine. It is on this principle that naphirt, nmjuriy 
sdhandi, bardhari and masakhart are feminine while 
gaca, caugdud, jahdja and hunara are masculine. 

N. B . — ^It should not, however, be supposed that 
the above principles operate veiy strictly. Examples which 
set them at nought are also many, but still they appear 
to be the general principles. 

LIST OF THE WORDS. 

13. Below is given a list of the loan-words from 
Persian and Arabic, found in the Rtimayan.* 

Awadih. Loan-word. 

Adesdy 287 Per. andesha (from andeshidan to 

reflecrt) — thought, doubt. 

Avjareha, 21, 262, 280 Per. inverted, transposed, T. D. 

uses it as a noun — ‘deceit’. 

Kdgurdy 423 ... Per. kuhgura — an ornamental cor- 

don, balustrade. 

Kahdint, \.\)Q ... Fqv. kdrhdr ov kdvo-hdr — business. 

*The references are to the j)ages of the Ramacharila- 
nianasu of the N. P. Sabh, Benares {Tiilst Granthavnlt Vol- I.). 
It may be also gratefully noted that Platts : Hindustani Dic- 
tionary and Steingass : Persian-English Dictionary have been 
freely consulted for the etymology of these words. 
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Kabuli^ 166 


Kamdna, 17i3 
fidgaja, 8 

Kirica, 408 
Kttlaha, 168 


Kura, 114 
Kotala, 236 


Khahara, 123, Kha- 
har{, 78. 

Kh'udru, 27 (j 
G aea, ^7, 452 
Garfi, 10 
Garadani, 229 
Garlha, 15, 16 

Garihanewdjv, 10 ... 

Gudarata, 251 

Gumdna, 4 :(j 7 
Gumam, 300 


Per. qabuU (from Ar. qahul — accept- 
able) — accepted, admitted. Gene- 
rally in Per. it means a dish of 
food lusembling khicft. 

Per. kamdn — ^bow. 

"Pev.kdgaz — paper cf. kdgada where 
z.>d. just as in gudarata. 

Per. kirij — a slice, a .segment. 

Per. kulaJi (contracted from ktUdh), 
T. D. uses it for a bird’s cap to 
cover its eyes. 

Per. tnir — blind ; l>b'nd in a moral 
sense, hence Aw. ignorant, idiot. 

Per. hital — a led horse for the parade, 
hence in Aw. a spare hor.se led by 

‘ the .string (o for u is probably the 
.same as in Pkt. pothi <pnstikd 
or Pali pdmokkha < praninkha 
explained from Vrddhd forms). 

Ar. khaha') — news, notice, carc. 

Per. contemptible, wretched. 

Per. gac — plaster, mortar. 

Ar. garii — free from want, rich. 

Per. gardan — neck. 

Ar. garth (from ga^h — to become 
distant) — poor, destitute. 

Per. garihmtvdz — care.«ser of the 
poor. 

Per. guzar — pass, ford, thence Aw. 
forms a pailiciple. 

Per. gumdn — pride, doubt, <listrn.sf. 

Per. gumdnt — proud, vain, distrust- 
ful. 
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Canganuy 382 


Jamiita, 41, 77 


Jahdja, 243, jahrcju, 
191, 217. 
Jahdnd,4 
Jiuisa, 44, 432 
120, 133 
Tarakasa, 231 
TdjXsn 
JOarahdra, 378 
Ddge, 229 

Naphira, 408 
NapJiiri, 38J) 
Nirajosn, 235 

Nimmt, 77, 128, ni- 
mnd, 68,112,125, 


Newdjd, 255, newdp 
273, neiodje, 15. 
Parawdnd, 74 

Palaka, 152,212, pa- 
lakanhi, 100. 
Pirojd, 123 


Per. eaugdn — a plmn ; tlie game 
I'esembling hockey, but played on 
hoLseback and liencc like polo 
also. 

Ar. jama,— A collection, gathering, 
plural jamd't — collections. T. lb 
uses the word as singular. 

Ar. jakdz — a ship {jihdz — ^liowevor, 
means dowry). 

Per. jahdn (old Per. gehan) — world. 

Ar. jins — kind, species. 

Per. sIh,— saddle. 

Per. farkash — qui ver . 

Per. tdzi — invader ; hunting-dog. 

Pei', darhdr — court, audience. 

Per. dag — a mark, spot, brand ; 
Aw. makes a pjutieiple — branded. 

Per. nafir — a kind of trampet. 

Per. nafiri — a kind of trumpet. 

Skt. prefix NiV + Per. josh — without 
excitement, i. e. truly. 

Per. nishdn — mark, sign, banner, 
colours ; T. D. uses it invariably in 
the sense of military musical 
instruments. 

Per. nawdz {mmdkhatan — to caress,) 

— cai'esser, thence caressed. 

Per. Pemodnd (Skt, pramdna) — 
warmnt, authority, sanction. 

Per. palak — eyelid, hence in Aw., 
twinkling of an eye also. 

Per. firozd — a turquoise (the stone 
which brings good fortune), of. 
Hindi piroja — an ointment chiefly 
eflicacious in healing old wounds. 
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Poca, 5, 261, pocu, 
269, pocu. 
Phat*dka, 453 


P/tatt/a, 401,408 
Bahasisa, 120 

Bajajct, 453 
Bajdra^ 93, hajdru 
148, hajdru, 120,453, 
hdjdra, 453. 

Badale, 498 
Bandikhdnd, 414: ... 

Barajora, 274 


Bardbari, 118,478... 
Bdga 21, hdgd 23, 
hdganha, 190. 
Baja, 115, hdju 168, 
harcihdja, 218, 
hhaya‘khaga~hdjah 

295, hdju, 247. 
Bdjigara, 383 


Pic^a, 26, 144, 281 . 
Becdrd, 364 

Behdkt or bihdki 15. 


Per. puc — empty, worthless (for o in 
place of u vide supra note on kotala). 

Ax. farq — distance, thence in Aw. 
adj. phardka — distant ; with space 
in between. 

Ar. fauj — a crowd, an mmy. 

Per. bakhsMsh — a present or pecu- 
niary gratuity. 

Ar. hazzdz (vulgar hazdz) — draper. 

Per. bazar (old per. aha — pro visions. + 
zdr — place) — mm ket ; the fonn 
hdjdra used only once and that 
also metri causa. 

Ar. hadal — change, exchange. 

Per. (handi — prisoner + khdna — 
house) hencic prison-house. 

(Skt. vara — good, strong. Per. zor — 
force) hence forcibly; cf. Braj — 
harajori kari morl hahiyd etc. 

Per. hardharl — level, par, equality. 

Per. hdg — ^garden. 

Per. hdz — falcon; hara (Skt. cam) + 
hdz—harahdja — ^good falcon; this 
compound indicates the extent of 
the assimilation of a loan-word. 

Per. bdzlgar {hdz — to play, hence 
bdzi — play and hence) — one who 
exhibits marvellous feats. 

Ar. widd’ — farewell. 

Per. 6l — (without) + cdra (remedy) 
i.e. remedyless, helpless. 

Per. hi — without+Ar. hdqi — remain- 
der hence, whole payment leaving 
no remainder, 


10 
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Behalf, 282, hihdla, 
428, hihdld, 394 


Majuri, 197 


Masahhari, 483 


Rajai, 172, 175, 196, 
198, 225 

Rukha, 30, 105 
TjQ/yalccfff 31, li)8 
Sajdi, 165 

Sardpha, 453 

^a;i*,42,313,476, 484 


Sahandt, 113, 148 ... 


Sdja, 127, 139 ; 

o sdju 144, 149, ku- 
sdju, 173. 

Bade, 243 

Sdhiha, 10, 17, 
sdhibaht, 262, su- 
sdhiba, 16, susdhibtt 
273, susahibaM, 274 


Per. bi — ^witliout+Ar. fydl — condi- 
tion, circumstance, hence ill-circum- 
stanced. 

N.B , — ^In all these compounds with bt 
— ^the prefix is probably (Skt. vi-) 
Pkt and not the Persian bt- 

Per. muzdur — labourer and hence 
muzduri — bodily labour or wages, 
hire etc. 

Ar. maskhara — ^jester, thence Aw. 
niasTchart — ^jest, humour, cf. Per. 
maskhargi in the same sense. 

Ar. razd — pleasure, will, approval. 

Per. rukh — face, countenance. 

Ar. Idyaq — fit, capable, worthy. 

Per. sazd — punishment cf. modern 
Aw. sajdi. 

Ar. sarra/ (vulgar sard /) — a money- 
lender, a banker, shroflf. 

Ar. sahih — correct, sound, hence a 
noun — signature, sign, token, at- 
testation. 

Per. sh<ihnd and sAaAnai— a clarion, 
cf. also Per. sftdhndi — a military 
trumpet. 

Per. sdz — ^making ready, preparation 
(Skt. sajja and sajjana do not 
exactly answer this sense); ktt — 
Skt. prefix-bad. 

Per. mda — simple, pure, white. 

Ar. sdhah (from sahah — to associate 
hence) — one endowed with, master. 
Lord. Skt su — ^good, hence susdhiha, 
— ^good master. 
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Siratdja, 142 
Supeti, 162 


S<yi'a, 217, sord, 

401, sorv, 190. 
llmvd.le, 4] 4 
Jldld 382, hdlu 424 
llxcnara, 454 


Per. sartdja (lit. crown of the head), 
chief, leader. 

Per. sapedi or safedi — whiteness, 
the su- for sa- is probably a 
wrong replacement of Per. sa- 
by the Skt. prefix su - ; t for d 
is inexplicable. 

Per. shox — noise, cry, 
exclamation. 

Pei\ hawdla — charge, custody. 

Ar. hdl — condition, circumstance. 

Per. htinax skill, ingenuity, art, 

knowledge. 




SYNTHETIC GRADATION IN INDIAN 
THOUGHT. 

UMESHA MISHRA, M.A., KAVYATIRTHA, 

Lecturer in Sanskrit. 

I— DAEgANA. 

Philosophy in India is not merely speculative. It 
has both theoretical as well as practical aspects. Scientific 
study to be worthy of its name, cannot afford to neglect 
either. Moreover, speculation, unless it is based on :md 
has a counter-part in practical experience, is worse than 
useless. Such speculation cxinnot help anybody either 
here or in the world licresifter. 

A reference to the use of the word ‘ Dargana ' ‘ for 
Philosophy in India, will show that a system of thought 
deserves to be called Daryana only when it gives us a tnie 
picture, fragmentary but faithfid, of the whole Truth. The 
different Schools of Dargana, therefore, are the varied aspects 
of Truth viewed from different angles of vision. The 
connotation of ‘Philosophy ’ is not exactly siniiliar but is likely 
to lead to c*onfusion unless we bear in mind the funda- 
mental difference between the two (!oncepts. For wjmt of 
a more appropriate w'ord w^e m’e constrained to retain the 
tenn hero, but we must not lose sight of the distinction 
noted above. 

Tlie origin of Philosophy in India is involved in 
great obscurity. It is very difficult to trace when and 
under what circumstances it assumed the organised shapes 
in which we find it no^v. It is obvious that tliese systematised 
forms cannot be natural. It evidently presupposes a stage 

^Thia use of the word seems to be based on ‘STKITT 

^ Brha. Upa. 

2 - 4 - 5 . 
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when there had been no system evolved. This is the 
period of the Upanisads ^ and allied literature, early Buddhistic 
as well as Jain. Here we find no arrangement ih the 
ideas and riews, which were the common property of the 
intellectual community of the countiy.* There being no 
system, the current ideas were assimilated in certain cases 
by different schools and formed the background of a 
distinct line of thinking in subsequent ages. As time 
went on such lines of thinking multiplied in number and 
began to develop each its individual character. Many of 
the ideas which were inseparably associated with certain 
systems in later times had then been in a floating condition. 

II— THE SCHOOLS OF INDIAN PHILOSOPHY. 

Now dealing with Indian philosophy it Avill not be 
out of point to consider the generally known divisions of 
Indian thought. We have been hearing much of the six 
systems. But what are these six systems? Here we find 
various opinions. As for instance : Haribhadra Suri, a 
Jain writer, of about 11G8 A.D.®, means by six systems*: 
(1) Banddha, (2) Naiyayika, (.3) Kapila, (4) Jaina, (5) 
Vai^csika, and (6) JaiminTya. Another elaina writer, Jina- 
datta Suri, of about 1220 A.l).% mentions another kind 
of division under this head, namely® : (1) Jaina, 

’ Cf. Dr. A. B. Keith’s — ‘ The Sankhya System Ch. I. 

^As for instiince the problems of 

and of the early Sarvatti Vtidin sect of the 

liaudclhas seem to bo the basis of the of the later Silnkhya. 

’Dr. Satiga Candra’s History of Indian Logic, p. 152. 

* ^ ^ 5r«rr i ?pasfr- 

II— SaddarQana Samuccaya, Verse 3, Choukhamba Ed. 

“Dr. Satica Candi'a’s History of Indian Logic, p. 152. 

ail*fHlT^^lf^^|2^Viveka Vilasa — manuscript belonging to the Govt. 
Sanskrit College, Saraswatibhavana, Benares. 
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(2) Maimamsaka, (8) Bauddha, (4) Sankhya, (5) Qaiva, and 
(G) Nastika. The third Jaina philosopher, Maladliari Qri Raja- 
gekhai’a Suri, of about 1348A.D.S enumerates another kind 
of division*, namely : (1) Jaina, (2) Bahkhya, (I?.) Jaiminiya, 

(4) Yauga (Qaiva), (5) Vai^esika, and (0) Baud<lha. 

We now turn to the Brahmanic writers. According 
to the son of the well-known commentator, Mallinatha, 
who must have nourished in tlio 1 4th cen.*, Saddaryana 
includes* (1) Panini, (2) Jaimini, (3) Vyasa, (4) Kapila, 

(5) Aksapada, and ((}) Kanada. Jayanfci Bhatta, who is 
allied an old logician — Jamnnaiyayikci^ , and who must 
have flourished between the 9th and the 11th centuries, 
A.D.,® mentions that the S attar ki (Saddaryana)^ 
includes the following six systems, namely : ( 1) Bahkhya, 
(2) Arhata, (3) Bauddha, (4) Carviika, (o) Vaiyesika, and 
(G) Nyaya. In the Hayayirsa — [laucaratra, a Brahmanic 
work, supposed to have been introduced in Bengal by 
Rfija BaUala Bena (about 1158-1170) as well as in the 
Gurugita of the Viyvasara tantra, the six systems® 
constitute the following: (1) Gautama, (2) Kanada, (3) 
Kapila, (4) Pataujali, (5) Vyasa, and (0) JaiminT, The 
compiler of the Sarvamata Sangraha, divides the entire 

’Dr. Vidj'3bhnSa0a’s History of Indian Logic, p. lo4. 

Saddarcana Sainuccaya, p, 1, Verse 4. CrT Yacovijaya 
Jaina GrantliamSlS, Bonaves Ed. The last portion of this karikS 
soema to be an attack on .finadatta’s taking NSstika to la? one 
of the systems. 

’Dr. Vidyabhu Sana’s History of Indian Logic, p. .380. 

in his com. on the Pratapuruda — YaQobhusana of Vidyadhara. 

“GahgeyopSdhySya — NySya CintSmani, IJpamSnakhaoda p. Gl. 
Society Ed. 

“Dr. VidySbhusana’s History of Indian Logic, p. 147. 

’NySya manjar'i, Vol. I. p. 4, Vizianagram Sanskrit Series, 
Benares, Ed. 

I 

ft — qiioted from Dr. VidySbhSsana’s History of Indian Logic, 
p. 153, ftn. 3. 
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field of Indian philosophy into two main heads/ namely: 
Vaidika and Avaidika. The former he again divides into 
three systems: (1) Mlmahsa,(2) Sahkhya, and (3) Tarka; 
while the latter into (1) Bauddha, (2) Arhata, and (3) 
Lokayata. Thus in all, thei-e are six schools. Maharaa- 
hopadhyaya. Bhimaearya in his Nyayakosa, on ‘Dar§ana’* 
tells us that there are only six prominent Astika or 
orthodox schools of Dargana, which he enumerates thus: 

(1) Sahkhya, (2) Patafijala, (3) Pui'va Mimahsa, (4) Uttara 
MimahssT, (5) Taika, and (6) Nyaya. By ‘Tarka’ he 
means ‘ Vhiiyesika He also quotes in his notes thereon 
a lino* to support what he has said. Later on, he talks 
of six Nastika (non-orthodox) systems*. I'liey are: (1) 
CJarvaka, the four schools of Bauddha philosophy, namely: 

(2) Madhyamika, (3) Yogacara, (4) Sautr.Mntika, (5) Vai- 
bhasika, .and (6) Digambara (one of the Jaina schools); 
and he mentions ‘Vacaspatyakosa ’ which has included 
Mayavada Vedanta under the Yogacara. 

Besides these six systems, tlun-e are references, and 
even descriptive accounts of other varieties. As for instance, 
Madhavacarya, in his Sarvailargana Saiigreha, consider the 
following schools* and sums up the characteristic doctrines 
of each: (1) Carvaka, (2) Bauddha, (3) Arhata, (4) Rama- 
nuja, (5) Purnaprajiia, (6) Nakulica, (7) Pa^upata, (8) Qaiva, 
(9) Pratyabhijfia, (10) Rase^vara, (11) Aulukya, (12) 
Aksapada, (13) Jaimini, (14) Panini, (15) Sankhya, (16) 
Patafijala, and (17) Qahkara. The Sarvasiddhiinta Sangralia* 

I Sarvaniatasangrahii, Trivandrum Sanskrit 

scries, Tra van core, 1918, pp. 14-1.'). 

"NySyakosa, Bombay Sanskrit series Ed., 1893. pp. 317-18. 

t ^ Ibid, ftn. 2. 

'Ibid, pp. .371-72. 

"Sarvadai’Cana Sangralia, AnandaCrama Sanskrit Series, Poona. 

' Publishetl by M. Rangacarya, M.A., Madras. 
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attributed to Qankaracaiya enumerates anotber classification: 
(1) Lokayatika, (2) Arhata, (3) Bauddha, (wherein he 
includes aU tlie four well known schools), (4) Vaigesika, 
(5) Nyaysi, ((5) Mimansa (both schools — attributwl to 
Prabhakara and Kumarila), (7) Sahldiya, (8) Patafijali, (9) 
Vetla Vyasa, and (10) Vedanta. Madhusudana 8ai‘svatl, 
in bis PrasthanabhediX, * which forms a part of his com- 
mentmy on Puspadanta’s Mahimnastotra, and Gunaratna 
Siiri, * in his commentary on the Saddaryana Samuccaya 
of Haribhadra Suri, mention several more. Gunaratna 
observes, however, tliat there are no less than .360 or mort* 
linos of thought in Indian philosophy, 

III— SEARCH AFPER TRUTH. 

The inquirer after truth, hearing of so many different 
views, finds himself unable to understand the exact nature 
of the 'IVuth. He appioaches the Crutis, which he believes 
to be the only infal liable source of Right Knowledg<?. He 
finds the right answer there. He learns from them the 
true nature of the Self, as deserilxed in the following: 
wr (Tai. Upa. 2, 1.); 

Rwrw:* (Ibid, 2.2.); (Ibid, 2. 4.); 

wWTSssiPapTx?:’ (Ibid, 2. 5.); (Cha. 

Upa, 6. 2. 1.) etc. -Had he had full faith in the 
words of the Qrutis, he would have at once got 
the illumination needed’. But as a hutnan being, he is 
beset with doubts Jind wrong notions, which .stand in the 
way of his immediate conviction. He then sets about 
collecting arguments in support of what he has heard from 
the Qrutis. Tliis stage of reasoning, as based upon the 
pi'emises, supplied by the ^rutis, is known as Manana. 

' Prasthanabheda, published by the Vanlvilflsa Press, 
Srirangam. 

*L. Suali’s Edition. Bibliotheca Indica, Introduction, 
PP. 19-21. 

— Bhagavad Gita 4.39. 
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This is what speculative philosophy in India attempts to 
represent*. But mere speculation cannot reach the truth. 
It seems quite possible that the conclusions arrived at through 
speculation, i.e. might be overthrown at any moment 
by counter — reasonings of a stronger nature*. Examples of 
such supersession abound in both science and philosophy. 
The inquirer cannot rely upon this. It is necessary, there- 
fore, to verify his rational conclusion through practical ex- 
periments ; just as in geometry demonstration is supplemented 
by experimentation. This practical vei*ification is reached 
through — contemplation*. The conclusions of the 

previous stage are hereby realised as truth and are imassailable. 
These are the steps leading to the direct perception of 
truth*. 

— N. V. T., p. 40. Vi/.iaiiagram series. Tliat 
is here used in the sense oi: ‘ Dai'tana ’ - * philosophy’. 

Cahtara BhSaya on Bralima Sutra 2. 1. 11. 

(n') i 

— Bliart rhari’s N^aky apad [ya. 1.34. 

{iii) ^ — 

N. V. T., p. 49. 

(u!) Kathopanisad, Cahkara BhSsya, I. 2.8. 

*FrTar> — Br. U. 

2.4.5. ^ . .V 

*({) S^uwi: I 

IIRIT <9 — quoted from the 

Introduction of Sa. Pra. Hba. by VijiianabhikBu. 
(ii) 

grqnrftei 

— Atmatattvaviveka, p. 131. Jlbanauda’s Ed. 
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These three factors have always been recognised in 
Indian Philosophy. All the Indian systems of thought, 
for instance, take their data from the Vaidika sources and 
build upon them the conclusions through rational arguments. 
They appeal to Yoga or for their verification*. 

This would seem to involve a kind of synthesis between 
the three Pramdnas — ^instruments Of right knowledge, 
namely : Agama or ^abda, Anumana (inference), and Pra- 
tyaksa (direct perception), which seem to represent 
and respectively*. 

Before we proceed to find out how (he ditferent systems 
in India have originated, it would be better to start with 
a clear consciousness as to the skirting point and goal of 
these systems. It is held that removal of Pain 

is the underlying common motive of the entire creation. 
No one would like to liave things which lie dislikes. This 
is the end towards which every conscious and rational 
movement tends. Philosophical enquiry, therefore, presiqi- 
poses the stage wliere Pain is felt, and naturally it aim.s at 
its absolute ceissation. 

Here the question arises: The goal and the starting — 
point being common, wh}’’ do we find so many different 
views? The answer is quite simple. It is due to iliffeience 
in the intellectuid equipments of the enquirer. Philosophy, 
in India, is just like a .stream taking its rise from the 
mountain top, floiving successively through several valleys 
{md falling into the great ocean. Now the same stream, e. g. 
the Brahmaputra,® wliile pa.ssing through one valley to 

'Vaicesika Sutra 6.^. 16.; Nyayabhasya on N. S. 4. 2. 2.; 
Sunkhyapravacanabhasya, ch. VI. 24-31.; Calikarabhasya on 
Brahma Sutra 2. 1. 3.; VedflntasAra, pp. 146-154. J ibfXnanda’s Ed. ; 
Nyayavartika-tatparyatika. p. 49 ; Nynya .Sflra of Bhasarvajna 
pp. 39-40, Society Ed. 

The case of ■tllniaAsti, which repudiates Yoga, would appear to 
beau exception, but a deeper thinking would, show that this is not so. 
^CJ. NyayavSrtika-tStparyatikS, p. 60. 

’a river in the north-east India. 
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the other, has a particular shape, current, and sometimes 
name too, which begin to change as it proceeds onwards. 
If any one takes a photograph of it, in its passage through 
one yalley and then again another while it passes through 
another and so on, he will have different pictures, though 
all of theiii will represent the same individual river; and 
a mail, who h:is not seen the stream from one end to the 
other, can hardly assure himself that these photographs 
are of the same river. 

Similarly, though all aim at the same goal yet because 
of the varieties of their predispositions and capacities 
(Adhikiira), the single path apjiears as so many different 
paths to thorn. 

Or we may describe the final goal of Indian thought 
on the analogy of the Arumlhatl star * . When the 
child asks the motlier. ‘ where is the Aiundhati ?’, the 
mother, at once, directs its gaze towards the sky. There- 
upon, she points to a bigger star near the Ai'undhaU, for 
she knows well that the star in question being veiy small, 
it is not possible for the cbihl to find it at once. But 
when the child has acquired suffiident powei* of ob.servation, 
it finds out the star easily. 

In the same way, the supreme goal is so subtle that 
the RsTs — the seers of truth — thought that it would be quite 
impossible for all to grasi) the line of thought which 
directly leads to it. * Therefoi’o, for the good of the 
people, they constructed so many steps, which if gradually 
followed would Iciwl to the goal. People, not following 
these paths, are likely to be led astray and never to 

^ Gf. Nrslnha Savasvatl’s com. on the Vedantastira, p. 106, 
JIbananda’s son’s Ed. 

’(i) h — Ma- 

dhnsndana’s Prasthanabheda, p, 19. 

(ii) Vijnanabhiksu, Introduction 

to the Sa. Pra. Bha., p. 2; JibSnanda’s Ed. 
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find the right path and the truth. * So did Ksemarajji, 
in his Pratyabhijfiahrdaya * say clearly that all the systems 
are so^ many artificial stages of the progress of the Atman, 
just like fui actor assuming various roles till the end of 
the play; or we may liken it to the reaching of the 
mountain top with a certain number of steps which must 
be crossed. ® 

This shows that there is not only a mutual harmony 
but even a gi‘adation in ascending order in the various 
systems of Indian thought; and every system is consistent 
within its limits. For in Nature there i.s unity amidst 

diversity. The world is governed by law, and no fact can 
be inconsistent with miy other fact, however opposed the 
two may appear to be. Tliis is trae not only of philosophy, 
but on close analysis, it will be e^^dent in ever}’’ branch 
of knowledge in India. 

Now the question is : if all the systems are equally 
true, how is it that the propounders of a particular 

system repudiate the validity of the other sister systems? 
Even accepting the synthetic view, it is urged, it would have 
been plausible for the highest system alone to contradict 
the other views, as Qankaracarya has done in the 
Brahma Sutra Bhasya, Adhyaya II, Padas 1-2 ; but as 
a matter of fact we find all the sy.steins speaking 

against one another. The answer seems to be clear : it 
is so, because each system wants to keep its own 
Adhikdrzs (those who are quahfied for the stage 

repiesented by that systexu) firm in their respective 
positions (Adhikaras). Else they are likely to be 

3fin — Madhnsudana Sarasvati’a Prasthilna- 

bheda, p. 19. Vilnivilnsa Ed. 

*Pratyabhijn.ahrdaya, pp. 16-18, Kashmir Sanskrit Series, Ed. 

’ Sanksepa^arlmka, 11,, 60-61; Nfsinha Samsvati's cum, on 

the VedfintasSi'a, pp. 106-107, Jlbananda’s son’s Ed. 
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entangled in a maze and tlu’own off their track.* 
Moreover, if vve closely follow the texts, we find that 
the higher systems do not really deny the ‘ Relative ’ 
tmtli of the lower systems. For instance, the Vedanta 
holds that though the Highest Truth is not to be 
found in the Bahkhya, the Yoga, or the Pagupata, 
they have each its own sphere of usefulness which 
remains undisturbed.* It is clear from this that as far as 
tlie orthodox school is concerned, the ^Highest Truth^ lies 
with the Vedanta of Qahkai’a, while only the ‘ Relative 
Truth’’ can be had fi*om the other sister systems. 

rv^— A STUDY OF THE INNER HARMONY 
OF THE SYSTEMS. 

Wo have seen that the systems of philosohpy in 
India are numerous. As it would iKjt be possible to 

deal wth them all within the limit of this paper, I 
should like to seh'Ct a. few from amongst tliem and 

talce them up for a study of their inner harmony. It 
would be better for our practical purposes to consider 
some of the systems of philosophy and to see if we 

^ Cf. I’rasthfiiiabhedci, Ibid. 

“(i) sr 

ogrpqji I 

fSnrif si i «ra: : 

qffm TiSTfi a*ti • wwqmqrif^aifSr si fsqisqff^ 

— Crlbuasya. ii. 2 . 42. p. 512, 

Bombay Sanskrit Series Ed. 

(ii) swrs# 1 f?5Jifiiir 

iftarar (ill. 29.) »4?qTRrmf5rq?5IlfiR«Wf?CTflftq- 

I 51 %r«tcIT sUHniWWFq^ etc. VijSanabhik?u’s 
Intro, to Sa. Pra. Bba. p. 3. 

(iii) n 'liH^: %gpwqigqqf%; i 

tiqNl?gf5r«l^^mif^0vreq qf^mqp?ri%fit--RamjaTrtha’e com. on 

San§kopa9«iriraka, II. 56. 
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can discover in them unity of purpose and in that 
light arrange them in a progressive series. 

• a. — The Common — sense view. 

The removal of Pain ( ), it has been 
pointed out, is the common aim of all the schools and the 
stage where it is felt is the starting-point. This starting — 
point seems to be the stage of the common, or more 
accurately, vulgiu’ people, or as the Buddhists call them 
Puth'ujjana. At this stsige, truly speaking, there is no 
reason. Thej'^ do not lielieve in things which they do 
not directly perceive through the senses. And consequently 
they have no faith in the Atman as something distinct 
from the body which is ii peculiai' amalgamation of the 
four elements, namely : eiu’tb, water, lire, and air. Creation 
to them is due to chance, 'fheir journey ha-minates, 
therefore, with the end of this body. There is nothing 
left after death. The hjolings of Pain that they expfoience 
at times In life end when llu^ body, which is the seat 
of these feelings, comes to an end. In other words, 
they find their goal ( f ) reached in death. * It 

is needless to say that the exponents of this ‘ Common — 
sense view ’ quote ^rutis’ (of course as a strengthening 
example only) as well as their daily experiences (as 
expressed in judgments) in defence of their position. 

It is thus clear that they lay stress on this body® 
witli which they identify the Atman. Their supreme aim, i. e, 
( ) is reali.sed in death beyond which they cannot 
look. Here ends the first .stage of our long journey. 

b. — The Nyaya-Vaicesika or Realistic view. 

When we become a little more intelligent, we feel 

* Cf, My article on ‘ Carvaka DarQana’ — pnblishert by the 
Belvedere Press, Allahabad. 

m — Tai. Upa., 2. 1. 

!0 IWr— Pra tyablii j Bahrdaya, p. 16, 
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thut the above ideas no longer satisfy us. We do believe 
that whatever we see in the world ai'ound us has its real 
existence ; but Jipart from these there is something else* which 
seems to be of a different type. The feelings of pleasure 
and pain that we have, cannot be logically assigned to the 
body but to something t;Ise as is apparent from our 
experiences expressed in judgments — ‘ I am happy ‘I 
possess the knowledge of this book etc.’ We also feel 

that the objects about us to which wx; cling with so 

much tenacity during life are perishable and are the ciiuses 
of pain in the long run. It is an instinct that a man, 
or for the matter of that every animal, abhors pain 
and seeks to discover its remedy. Hence in this stage 
we feel naturally inclined to approach the ^rutis* as 

well as the illuminated teachers*, whose knowledge of 
things is clear and immediate. For we can no longer 
satisfy ourselves with the conviction that death will 
terminate our pain, inasmuch as the Self (Atman) which 
alone feels the pain is btdieved to suivive physical death. 

There we are told that the knowledge of the true 
nature of the objects (Padarthas)® of the universe 
will bring to us the ‘ Everlasting peaco.’ Upon this 
basis we proceed to argue and then verify our conclusions 
l)y experiments, that is, Nididhydsana or yoga. This 

whole process takes a long time. But as the duration 
of a man’s life is veiy short it becomes impossible 

generally to reach the gnosis in a single birth. Never- 
theless w’hatever is done in a life is not at all lost 

It sticks to us and forms the nucleus round which the 

developments of the next life will arrange themselves. 

Really we start in the next life where we stopped in 
the past, so that the thread of continuity remains 

’Tai. Upa., 2. ,5. 

■ Aksapjlda and Kanada. 

*N. S. and BhS. I. 1. 2. ; V. S. I., 1. 4 . 
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unbroken. Thus we proceed till we come to the end of 
the second stage of our journey. 

It is clear from this that there is soinetliing which 
survives tlie dissolution of the physiciil body. Then the 
question is : how is the smwiving entity carried on to 
a fresh body after death ? Just after death by the 
instrumentality of Adr^la a motion is produced in the 
various Anus and they gradually (i. e. through the process 
of Dvyanuka etc.) build up a gross-body, though subtler 
than the one left dead. It, being subtle, is super- 
sensuous. It is this body which conveys the Manas to 
another body where the Self (Atman) is to reap the fruits 
of its past deals. Hence it is known as the Ativahika 
body 

Here then is a clear proof that this system has 

advancal a step liigher in accepting a subtler body, 
though it is made of the gross elements, leading the 

Manas to another body. Besides this we have also 
referred to the eternal character, that is, the ‘ Sat * aspect 
of an entity which we have att liis stage formal to be the 
seat of feelings etc., and which is quite difterent from the 
body. This something i.s, of course, the Atman. 

After we have known the true nature of the various 
categories (Padarthas), the ‘ faults ’ (Dosa) disappears. It is 
followed by the disappearance of ‘ action ’ (Pravrtti), and 
then the cessation of birth, the cause of pain.* There being 
no cause, the effect, that is, pain, will never reappear. 

In other words, we realise here our mm ( f ) 

with which we startal. Here this system stops. 

But we must bear in mind that the Nyaya- 
Vai^^sika has sidmitted the Pararaanas of airth, air, 
water and fire, Akiiya, Kala, Dik and Atmas and 
Manamsi as eternal elements. They will ever remain. So 

* Nyayakandali 310, Vizianagram Sanskrit Series, Ed. 

*Nyaya SStra I 1. 2. 
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they continue to exist when the Atman has attained 
Moksa. ‘ 

c. — ^The Sahkhya Stage. 

But really our progress does not stop here. There 
are subtler elements behind these. The next school e. 
Sahkhya stmts with the eternal elements of the Nyaya- 
Vai§esika. The ctiusal analysis of Sahkhya leads gi’adually 
to Piakrti, which is Pure IVIatter and consists of extremely 
line composites, called Gunas in a. state of equilibrium. 
If we study the classification of the Tattvas of Sahkhya, 
we shall find that we are lifted up step by step 
from tlie grosser to the more subtle elements until 
we reach the Highest Level. The Paramanus, which 
were supposed to bo indivisible, are shown here as 
products of the Five Tanrnatras, which again tlie 
products of the Tanias aspect of Abahkara*. Akiiga, Kiila 
and Dik, wliich were all-pervading (Vibhu) and eternal 
with Nyiiya-Vai^'esika, are reduced to one divisible element^ 
that is, Aka^a*, which is produced from ‘ Oabda 
Tanmatra’*. So we sec that the so-called ‘eternal’ 
elements of Nyaya-Vaiyesika are reduced into still subtler 
elements in Sahkhya. 

The Atman of Nyaya-Vaiyemka, as the seat of 
knowledge, desire, will, etc., is reidly the Mahat Tattva 
or Buddhi of Sahkhya. Every element at this stage is 
known to consist of the three Gunas — viz.. Sattva, Rajas, 
and Tamas. As long as the Tamas and Rajas elements 

' The Atman is free from its ViQesagunas and exists 
in its ‘ Svai^^m ’ in Moksa. cf. 

Gnnaratna’s com. on Saddai’^ianasamiiccaya, pp. 72-73.; f^- 

i surwiinwr^ ^sqsrn: 

Jayasinha Suri’s com. on Nyaya Sara, p. 283, Society Ed. 

’ Tattva Kumudl on Sahkhya Kfirika. 22. 

’ Sahkhya SOtra 11.. 2. J2. 

* Sahkhya Karika, 22. 
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are present in the Self, that is Mahat, the existence of 
Ignorance and Pain is inevitable. The Right Knowledge 
and eessation of Pain which the Nyaya-Vai9e8ika claims 
to have secured can, therefore, be only Relative. It is 
necessary, therefore, to get rid of these elements. The 
only remedy then is, according to Sahkhya, to obtain the 
discriminative knowledge (Viveka Buddhi) of the Vyakta 
(Manifested), the Avyakta (Unmainfested), and the Jfla 
(Consciousness) 

On analysis the Vyakta is resolved into 23 aspects,* 
but the Avyaktii and Jfia are incapable of analysis — 
the one, because it is the equilibrium of all Gtinas and 
the other, because it is by nature immufeible and trans- 
cendent. The true nature of these Tattvas has been di.s- 
covered in order that Peace and everlasting f may he 

secured. 

Through the process of (^ravana, Manana, and 
Nididhyasan we come to know their nature, when we 
find that the phenomena of mental life which are attri- 
buted to the Self on account of indiscrimination (wf^#®) 
belong really to the Mahat or Citta. Purusa is beyond 
the natural series and is the Principle of Intelligence. 
It is so closely iissociahid with the Mahat that the 
confusion of one for the other is natimil until the two 
are really separated off by discriminative knowledge. 
Purusa is a pure conscious entity.® It is like a pure 
crystal in front of a red flower which makes the 
colourless crystal look coloured and possess attributes. 

The state reached by Discrimination is Purification 
or ‘Kaivalya’, wherein all kinds of pain cease to exist 
and Purusa becomes isolated.* It then beholds the 

’ Sa. Ka. 2. 

* Tattva Koumitdi on Sa. K», 3. 

’ Ibid, 19. 

* Ibid, 19. 
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Prakrti or ‘the state of equilibrium’ as an uninterested 
spectator (?8 t). ‘ It is clear from this ‘ Beholding ’ that 
Sattva is present there in its Purest form*. Due to the 
pj*esence of this Sattvika Biiddhi (or Qiiddha Sattva) which is 
multiple in number the One Transcendent Consciousness 
becomes as it were numerous. This is the only explana- 
tion of the multiplicity of Purusa. The sttite of Kaivalya 
represents on one hand the transcendence of Purusa and 
on the other tlie absolute purity of Oitta or Sattva, wliich 
now is, of course, inactive. 

It is appai’cnt from the above that Sankhya has 
advanced a step beyond Nyaya-Vai^esika. It has 
established the ‘cit’ aspect of the Atman and has reduced 
the number of eternal entities to two. 

d. — Vedanta Stage. 

Vedanta takes up the enquiry where Sankhya had 
left it and seeks to resolve the Dualism of the latter into 
the unity of the Supreme Truth. It shows that Purusa 
must remain as it were divided, so long as it is associated 
with an Upadhi which is foreign to and other than it- 
self. The Sahkhya stage recognised the ‘Lihga deha’ of 

the Self and ended by destroying it or purifying it 
in the absolute manner. The so-called Kaivalya is only 
the cessation of the Lihga. The Vetlanta takes up the 
Purified Sattva of Sahkhya and shows that this too is 
verily a vesture of the True-self, though it is pure by 
nature, inasmuch as it is multiple. As such, it is the 

‘Causal body’ of the Jiva, and when reduced 

to Unity, it is the Causal body of God (I§vara). This 
is the ‘ Anandamaya Kosa ’ and though recognised as 
eternal in certain schools of Vedanta (e. g. Bamanuja) 
as being the eternal associate of the Self, ^ahkara. seeks 

' Sh. Kh. 65 and Yoga SQtra, 1. 3. 4. 

* Sfi. Kft. 6.5: and T. Koumndi thereon. 
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to transcend it so that Absolute Unity may bo realist. 
The process adopted is generally of ‘ Viveka technically 
known as and sometimes of Laya too. 

In any way the realisation of Supreme Truth as One 
ends in the Realisation of the Infinite Joy of Self-Delight. 
This too subsides and then the Absolute alone remains. 

THEORY OF THE ORIGIN OF THE UNIVERSE, 

e. — Materialistic View. 

Similarly we may take up another problem, — the 
theory of the origin of the universe. We have seen 
that the Materialists hold that the universe is created 
from the fortuitous amalgamation of the four gross- 
elements, 

f. — Nyaya-Vai$esika View. 

The representative of Nyaya-Vsii^esika view holds 
that the ultimate cause is eternal and the effects are 
occasional. Matter is atomic and effects do not pre-exist 
in their tsiuses. The relation between the two is one 
of absolute difference This view corresponds 

to the Arambha Vada or Asatkarya Vada. 

g . — Sankhya View. 

Then c*omes the Sankhya which holds that the 
universe is only a manifestation. That is to say, it existed 
as unmanifest in its cause (which has been mluced to 
unity now). Hence there is no absolute difference 
between the cause and its effect. It is impossible to 
produce a thing from a cause where it did not lie in- 
volved. Causation is simply explication or unfoldment 
But there is some difference between the two also ; so 
that the relation between the two is aptly described as 
I This view corresponds to the Parinama 
Vada or the Satkarya Vada. 
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h. — Vedanta View. 

According to Vedfintti School the 11111761*80 is an 
illusory appearance, of tlie One Eternal Reality, viz. 
Brahman; that is, there is no ^ between the Brahman 
and the world. It must be noticed here that this 
school boldly denies the reality of the objective world 
wliilc others have it in some form or another. Here we 
find the imity reached to which the earlier systems 
have been only tending. 

Thus in brief we find that there is a synthesis in 
the ascending order among the systems of Indian thought. 
Tf closely studiwi one system will appear to follow another 
in natural order just like a corollary of a Geometrical 
proposition. 

V.— A STUDY OF THE NON-ORTHODOX 
SYSTEMS. 

Wo may conclude our brief survey with an illus- 
ti’ation from the non-orthodox systems. We find that 
the Bauddha Dar^ana in its earlier stages was divided 
into a large number of schools; but its main schools*, 
as recognised in later times, are : (1) Vaibhasika, (2) 
Sautrantika, (3) Yogacara, and (4) Madhyamika. 

i.-THE VAIBHASIKA SCHOOL. 

The Vaibhasika school holds that the world of 
our experience has an objective reality and that it is an 
object of perception and sometimes of inference also. It 
is independent of the Buddhi. 

ii.— THE SAUTRANTIKA SCHOOL. 

But the Sautrantika holds that though the external 
Avorld exists, its existence cannot be directly vouched for 

*Gunai“atna’s Com. on i^adclarvana Samnccaya p. 20. ; Sarva 
Siddh.lnta. Sangraha attribnte'l to CaAkara. p., 9-18. 
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by our senses, but that it is inferred from the multiple 
forms in which our consciousness, which is naturally 
formless and piu’e, presents itself. The ‘doctrine of 
momentariness ’ both of external as w'ell as mental 
phenomena is accepted by both. 

Thus the real difference, between the two schools, 
both of which are equally realistic, consists in the 
attitude in which each looks at the order of external 
reality. The burden of emphasis appem's to be shifting 
from the outer to the inner. 

iii.— THE Y(3C4ACAliA SCHOOL. 

The Yogacara school, hoAvever, denies the objective 
character of the world. It posits jui infinite number of 
ideas each momentary and self-contained and seeks to 
account tor the phenomena of expeiience by means of 
these \ It is due to Nescience ( ) that avc differ- 

entiate an Idea, which is by natoe self-luminous and 
indivisible, into the complex of subject, object and 
consciousness. This system has done away with the 
exteriud world altogether and seems to have retii’ed 
more into the Inner Sanctuary of Absolute Truth. 

iv.—THE MADHYAMIKA SCHOOL. 

The finishing touch is given by the so-called 
Nihilistic or Madhyamika .school, which dispenses with 
the necessity of recognising the Vijfiana or Idea as well. 
Thus all tmees of phenomenal experience, both objective 
and subjective, are effaced, and what is left behind is 
the Serene Depth of an Infinite Void. It is called 
in the sense that it is eternally free from everything 
mth which our subjective or objective consciousness is 
acquainted : it is above the world, beyond the world 
and even permeating the world, though not defiled by 

Barvasiddhanta ^angraha. Ch. VI. 
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it, as its abiding background. It is neither Positive, 
nor even Negative (as the woixi might seem to imply), 
nor both simultaneously, nor other tlifin both, so that it 
is undefinablo and in a. sense lias no ‘ character ’ 

). The Madhyamika explains the whole paraphernalia 
of cosmic experience from the stand-point of this Qunya 
with the aid of Avidya. 

Studying the four systems in the order in which 
we have arranged them we find that there is a conscious 
attempt at gradual retirement from the external to the 
internal and from there into the Abyss of the Void 
which is the consummation sought tor. The Doctrine 
of Momentariness is only a stepping stone to that of 
Universal Vacuity. Hence the conception of Nirvana 
has received a fresh purging at every stage until it has 
reached its true significance in the Madhyamika School, 
which is meant for the student of the highest Adhi- 
kdra. * 

It is not possible to dwell here on the question 
of synthesis between the orthodox system and the 
Bauddha or the Jain. The systems run along parallel 
lines and aim at the same goal, though differently 
viewed. There is absolutely no contradiction between 
them, inasmuch as each lieing consistent with itself 
letids to the self-same destination. What we have said 
of the Bauddha or Jain Schools appeal's with equal 
force to the several branches of orthodox philosophy. 

’ CJribhrihya II., 2. .’50. pp. 49.5,12-15. Bombay Sanskrit Series 
Ed. 



THE VRSAKAPI HYMN. 

ITS MEANING AND IMPORTANCE. 

KSHETRESAOHANDRA CHATTOPADHYAYA, M. A., 
Lecturer in Sanskrit. 

I 

T^rewT II 

irawN i 

*T5Tsn^: sr?T sfhraf ii 

The tenth maniiala of the Rgvecla (X.86) and the 
twentietli book of the Atharvavoda. (X.120) contain a 
dialogue between India and liis wife Indrain over some 
offence of Vrsakapi. The hymn whicli records this dia- 
logue is considered obscure and various interpretations 
have been proposed for explaining the story referred to 
here. Vrsakapi, a favouiitc of Indra, has offended 
Indrani for which she is extremely angry and she 
tries to rouse the anger of Indra against him and 
threatens to punish him herself (if Indra does not move 
in the matter). European scholars have gencndly taken 
Vrsakapi to mean ‘a monkey’, or more precisely, ‘.strong 
ape or a male a|ie (Mannaffe)’. “ V. Eradke consitlers 
the story a satire, in which under the names of 
Endra and Indrani a certain prince and his wife fU'c 
intended.”’ Similarly Oldenberg in his “ Die Religion des 
Veda”. (Third and Fourth Edition.s, p. 107). According to 
AI. Bergaigne*, Vrsakapi was a mythical sacrificer. Geldner* 

’ Macdonell’s Vedic Mythology, p. 64. 

“La Religion Vediqne, II, 270 — My information is taken 
front Griffith, Hymns o£ tho Rigveda (Second Edition) 
II, p. 507 note. 

’Vedischo Stndien, II, p. 23. 
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took the hymn as a Iiumorons descri[>liou of the tlomestic life 
of tlie gods. And Maedonell‘ considers the juylh to have 
no general significance. But the late Lokainiinyu . Tilak 
in his “Orion” (Chapter VIJ) has proposed an astrono- 
mical interpretation of the myth. 

I shall attempt below a new interpretation of the hymn. 
I follow Rotli in considering the Kgveda to be its own safest 
c;ommentary. But as the Vrsaka))i myth or the name 
Vrmkapi ilues not occur elsewheie it will be desirable 
to start from the hiuivii, interpretation of the earliest 
Vedic interpreters and then try to see how far this hymn 
and the rest of the ligvtda support their explanation, 
"rhe ultimate determining factor, of course, must be the 
Vedic texts themselves. 

I shall have to discuss the entire hymn but in 
so doing I shall refer to the previous intxjrpretations 

leather sparingly because otluirwise I shall take up too 
much space, f^cholars will kindly consider my interpre- 
tations on th(! basis of the texts T quote below and 
the discussions I ciui enter into hero, 'iliis is the text 
of the hymn : — 

fit i 

q?r I 

*51?; SI 3^?: II ^ II 

?IOTT 3Ti?: II ^ II 

fq fqiSBfq I 

sqr aqt: it « 11 

f^ TOifq ^ f 1 

Nqi tif^q* q an fq^q?mf^r^ 11 ^ u 

q q aqi^rnn ^qq » 

q q?smHq^qa'f q af«g^lftqaf %?q€nif^q IM n 

* Vedic Mythology, p. (14. 



TUi: VIlMAICAPr IfYMNT 


99 


ft qtfw I 

«r»f t. %<Y t, 3 ^?; h»h 

g^rtr ?^3rrs^ i 

^Eijqrfe i^T^ft* ^?q5CTnrf^*=^ 3 ^t: » i; n 

?nW WfTf f iT«lt I 

farftf^n 39?: ti « » 

2?i siT^ wif ■ wit I 

^ «rr 331?;: II ^ o II 

l^^wiftwrg !rrf?f w«T»!TWft«ra»5C 1 

ST firwr 3(<TT ^jT ^f?Tr 33»T: II 1 » II 

STIffflF^lftr ?TW «s?^*STT5|5tsR t I 
swtf4T»t* f;ft: t_t5 33 ^?: 11 11 

f tT«<n% 3Tr|; g?^ 1 

Ei?i'f ^ fw: filrt 331 ?: 11 mi 

3^> % t_ qstfw sr4f^ 1 

fcnftfw. *ftf t_ ft^^Trrrf^i^ aritT: in 3 11 

f f w> sf ^AJ^lsPcTt* Tit^sj; I 

WJssret w f ^ 1 1 gnlft WlfffifftWTf^s?. 331?: in ^11 

51 tt. TTsrtsf^T ^WS^^T i sp^ I 

*T?t ThffV Tttftif ft^«Tt. 33*?: Il't^ll 

Sf td_ ftt ftif %awt I 

STTf ?»tts;!3TT TT3«:srr V «Bg;%?WWTf^5:^ 33TT: in»|i 

W4 I 

ssrf^ sf^‘ ^3Tt^?3rsT wrftf’ ^?!isTTTf%??r ^rt?: in^ii 
VRSIW^ %3T?^%f%?9S3[rWTqff I 
ftsitf^ qTspgft^sf^ thrw’siT'PSf’ 33 * 1 : in? 11 

vfr^ *3 qgfgg a t' =f ftfW ft tf3*3r I 
ttfsrtr fff^sTat^ *Iff 3q ^ftwff?sr 33*?: iR®ii 
i^Tst gft?if s^^snsit 1 

SI s^s ?tJftf[Sf>S?Htft 'WT 3 t*?: IRIH 

H ff f g* ff npt SIffts*5T3**TS«a3 I 

an 3q sFtq«?qtn*^ ftftrnsfts^ 33*?: IR3II 

qn* WTHtt ?Tl^ ?*?!? ft^?T I 
wt TOI^ ffffc m?is?^ 33 *?: ir^ii 
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IJcforo bogiiiniiig a rendering of tlie hymn T must 
.s(‘ttlo wliat the word Vr^dhapi means. Kuro[)ean seholatH, 
as I have jnst said, have taken it in the sense of ^rnale ape', 
because lapi in the later literature regularly means an ‘ ape 
But is it certivin that the word had the same meaning in the 
Rgveda ? As it occurs in no other hymn the question is 
difficult to decide. liCt us see if by passing from the hnmvn 
to the unhimvn any light could be obtained. First of all 
let us try this sense of ‘ ape ’ in the hymn. At first 
sight, no difficulty confronts us. That Indrani should be 
addressed as mother to a ‘ monkey ’ in verse 7 does not 

constitute any difficulty, foi‘ tamed animals are considered 
as children by householders. But it must be confessed 
that there is not a single expres.sion in the hymn 
pomtivehj supporting the meaning of ‘monkey’ for hapi. 
On a closer study of the hymn we find at least one 
expression which goes against the equation i«^i-monkey. 
Vrsakapi has been called ‘ sinner beast ’ 

(Roth — ‘viel iibles tuend ’ — a Bahuvrihi compound between 
5^ and ) or better ‘dread boast’ in verse 22. The 
‘sin’ refeiTod to cannot be the offence complained of by 
Indrani in verse 5, mz., the spoiling of her favourite 

things. For ‘sin’ Avould be much too strong a word for 

the offence ; besides, that is only one offence, whereas 
Vrsakapi is called ‘ ?/i«7W/-sinned ’. There is also the 
fact that after vei’se 17, we find Indrani reconciled to 
Vrsiikapi, so that we W'ould not expect a connotation of 
reproach in a term used for Vrsakapi in verse 22. 

I therefore translate the word puJvaghd (mth the same 
analysis as Roth’s) l)y ‘dread’. Gods .are often called in 
pniise ‘ dread ’ ‘of terrible aspect ’ &c. We imiy therefore 
parallel the expression ’Sn: by W in I. 154-2, 

said about Visnu'. ^ 

^ Yaska (Nir, I. 20) has the following note on W 

of I. 154-2 : \ ^ 
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Gmssmann^ thinks that tlio objective figha originally 
meant ‘oppresive’ (bedriingmul, wiirgend). The meaning 
of ‘ tprrible ’ is not therefore impossilile for 'pulvaghd. 
A monkey cjan hardly he edled a ‘ dmid beast I think 
theiefore that the equation ka^pi—' monkey in accordance 
with later .ussige, fails us here. 

Let us now see if Yaska cnn give us any help. 
His note on tll6 name Vrsakapi is w«r 

. Yaska (connects th<? word kapi with the 
root ‘ to tremble But Jis no conjugational form or any 
other derivative of the root is found in the Rgveda, we may 
safely reject Yaska’s explanation as one of his usual etymologi- 
cal fictions. But iSaunaka, the author of the Brhaddevata, 
a work not far removed in time from Yaska, givt?s a inon^ 
sensible interprehition, viz., Icapi—kapila (‘ tawnycolouml 

In the Brhad-devata (Vlf. 141), he thus enumerates 
the ‘ deities ’ of the hymn under discussion : 

^ Yaska feels that the last adjective is not complimentary 

to a god (according to the ideas of his times) and ho continues 

Of course the second explanation is 

preferable on other j^rounds but Yfiska’s words show tliat it 
is possible to find gotls described as ‘dread animals’. That 
Vrsfilcapi is a will be shown below. 

^Wdrterbiich Zum Rig- Veda, column 12. 

"Grassmann in his Wurterbuch, H13 and 314, follows 
Yaska in deriving of tlie present liymn (X. 80. i>) from 

the root but his reasons are not apparent to me. 

’Grassmann (VVb. 31.‘5) derives kapi Id from kapt giving 
it the etymological meaning of ‘having the colour of the 
/i«pl = monkey ’. But it is quite possible that kap) and kapila 
are two forms of the same word like huvi and hciTita and 
‘ tawny ’ may have been the original meaning of kapt. The 
monkey may have been called kapi- because he had the tawny 
colour. Similarly the lion and the monkey were in later times 
called simply hart. 

‘Macdonell’s rendering of the verso (H.O.S. Vol. 6, p. 
288). “ ‘ Away, indeed ’ is a hymn addressed to Vrsakapi ; for 
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Clearly he means that hapi in tlie name ‘ Vfsd- 
kapi ' stands for kapiln. Let ns see if this meaning 
suits our Jiymn. Vrsakapi has been called ‘a 

tawny-colouretl beast’ in verse d. The formation of the 

compound shows that kupi is here a substantive* 

but that constitutes no difficulty for scores of illustra- 
tions can be cited from the Rgv'eda of adjectives 
meaning a particular colour (like etc.) being 

usctl as substantives possessing that colour*. Though 
the author of the Brhad-devata takes the first member Vrsan 
to be the substantive and the second member kapt to be the 
adjective we can have little hesitation in explaining the 
compound just the other way. The word kapi has been 

used as a substantive in verse 5. Now Trscm comes from 
rootf^ ‘to saturate’ .and the wonl means as a substantive 
‘a potent person or animal’, ‘a breeder’, ‘a bull’ and as 
ail adjective, ‘ saturating (with nun) ’, ‘ impregn.iting ’, 

‘ potent ’ ‘ strong ’. We may give to the compound 
Vf^-dhapi the meaning of ‘the potent tawny-coloured 

animal ’ or ‘ the strong t^iwny-coloured animal.’ 1 prefer 
the former meaning and my reasons will be eindent l.ater on. 

that l)rown (^'«;j/7a) Imll is Imlra and Pnajapati : ‘Indra 

is superior to all ’ ” is defective, 'fho meaniuK that the words 
of Sannaka can convoy is. “ ‘ Away, indeoil ’ is a hymn about 
Vrsfikapi ; (besule) that brown bull [<//■ that brown bull and] 
Indra and PiAjiipati are the <leitie3 (“joint-deities) of the hymn. 
Indra is highest of all,” in Saunakii’s verse is 

not for referring to the hymn, because the opening words 
lias already served that purpose. It is for showing the 
relative importance of the throe deities mentioned and Sannafai 
does that in the words of the hymn itself. Indra is thus made 
out to be the supreme deity of the hymn. 

^ See Macdoneirs Vedic Grammar (Grundriss)§ 282 (like 
randrcMrias), 

®In English too expressions like ‘he is riding on vl chestnut \ 
meaning ‘he is riding on a chestmit-coloured horse^ arc not rare. 
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But wo have not yet learnt whut purticiilar animal 
is meant by the name. The language of the Brhacl“clc- 
vata (,‘ ’ quoted above) perliaps suggests that 

the juiirnal meant is, according to Saunaka, tlie bull, 
'rhis is possible, for a wild bull (or a bison ?) may be 
‘ a dread beast ’ (or ‘ a voracious beast ’ as Nirukta XlII, 
,3 explains the word ‘ ) and may be chased by a hunter 

and his dog. But we cannot be sure that no other 

animal could have been meant. I shall show below that 
the boar is proliabl}'^ the animal rehuTcd t,o. 

The hymn makes it clear that this Vrsiikapi is 

related to Indra and Indrani. They are divine beings 

and Vrsakapi too may be a divine being. The Hgveda 

is very fon<l of figurative expressions and often likens 
gods to animals. What divine being could possibly be 
mesmt by this ^ Vrmh<.ipi'’i Unaided by external evitlenee 
we cannot decide the <]iiestion. 'riiat aid is given by the 
Nigliantu and the Nirukta. Tin; Kighantu enumeration 

of deities in chapter 5 on the whole follows the elassi- 
lication of deities according to the three regions, terrestrial, 
tlu! atmospheric and the celestial, 'i’he name '• 

occurs in the Nigliantu {v. 6) among the ‘gods of the 

celestial region’, after and 

and Vrsiikapi therefore may be a solm deity according 
to the compiler or compilers of the Nigliantu. Y.aska 

(Nil-. .XlT-28) {‘.xplicitly calls him Aditya ( = Sun). The 
Brliad-devatii follows the Nigliantu and the Nirukta. Sau- 
naka’s words are 1% i 

this expUinatioii has nothing to coinmenil it, not 
uvon perhaps the iuiin(M)f Yfiska. 5 ^+ ^/®R^^vonld form 2^^' 
and not It is liighly doubtful if Yaska himself wrote the 

chapters. 
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li (Msicdonell’s edition, H.O.S., 
Vol. 5, II 67-60, p. 67). The CJopatha Bmhmana (II. 6. 12) 
improving on* the words ( VI ^ 

XII. 27) of Yiiska says ‘ I 

The Alahabharatsx (Santipan'a — ^Moksadhanna, Ch. • 342, 
vv. 86-87) has the Xighantii in mind when it says % 
si4: vw i irf « 

««a vSa i aOTT^afq nif nf Jisnqf^s it 

It is possible that the author of tliese verses is accjuainted 
with Yaska but he has altered Yiiska’s explanation ‘ Yrsakapi 
= the Sun ’ into ‘ V. = the abstract deity Dharma or Piety.’ 
The reason for this alteration is quite evident. Setting 

aside the didactic statement in the Mahabharata we learn 
from the other early native works on Vedic gods that 

Yrsakapi is a solar deity. 

But does the ligveda give any warrant for this 

intei'pretation ? I think it does. Ixit us study the hymn 
under discussion a bit closely. We find here seveml 
attributes of the sun. First of all there are the explicit 

statements about the setting and the rising of Yrsakapi 
in verses 20 and 21 ( )* and the 

implicit reference to his setting along with Indra in verse 22. 

' Though I say ‘ improving on I am personally not 
certain which work was later, the Nirukla or the Gopatha 
Brnhmaiiu. Dr. D. Gaastra has shown (Introduction to his 
editiorx of the Gopatha Brahmana, p. 14) that 

is not a quotation from the Gopatha 
Brahmana as Bloomfield and Keith believe. But Guno (Bhandarkar 
Commemoration Volume, pp. 4.5, 46) found two other passages 
in the Nirukta which might have come from the Gopatha 
Brahmana. Gaastra has also shown that the Vaitana Sutra is 
based on the Gopatha Brahmana and not vice versa (as Weber 
and Bloomfield assumed). 

® may mean here, as often elsewhere, ‘ house ’, but 

the cumulative evidence is in favour of the sense of ‘ setting 
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Next, there are other expmssions wliich )iave been used 
elsewhere only about solar deities. VrsiTkapi is brought 
in wnmediate connexion with wM ( = waste lands), 

high regions?) and (= leagues = plains ?) 

in verse 20 .‘uid it is certain that the verse means he 
has to traverse these. This at once brings to our mind 
passages like KV. I. .35. 8 a, b 

said al)Out Savitr = Sun and we can hardly doubt 
that Vrsakapi too is the sun. Then again, Vrsakapi has 
been ciilletl when going down, in verso 21. Yaska 

(Nir. XII. 28) gives the word ftvapnananmma the 
meaning of ‘remover of sleep’ and Geldner (Vedische 
Studien IT, 28 and Rgveda in Auswalil I — Glossar — p. 
209) ‘distui'ber of sleep’. This is oji the assumption that 
vnaa means hero ‘ to disappear ’, as always in classiciil 
Sanskrit, and its causative form vnctrnft ‘to drive away’. 
But the root lias in the Rgvcila a second meaning, viz., 
‘to attain’; c./. Grassmann, Worterbuch, 718, ‘2 nay’ 

and Maiidonell’s Vedic Gi*ammar for students, p. 895, ‘ 2 
nas’. It is possible thei'efoi’e that svapnanamsana hoiv 
means ‘bringer of sleep’. The sun certainly lays down 
people to rest when he goes down*. If Y.aska’s meaning 
is preferred, even then the Sun can be understood, for 
he rouses people from sleep when he rises himself. This 
word alone should conclusively prove that Vrsakapi is the 
sun. And last of all, Vrsakapi has been called 
‘ dread beast ’ in verse 22 and I have already noted the 
parallel expression w (‘like a dresul beast’) of 

I. 154.2 about Visnu, a solar deity. 

The combination tjr^d’Tcapi is by no means an im- 
possible one as a name for the Sun. The Sun certainly 
looks yellow or tawny and we have in the Rgveda 

' Compare w Tslw sffimsrl f^j?r«bHFgncf_ ww' w I 

in i. ?, 5'2 

14 


etc. 



106 


ALLAHABAD UNTVEKSITY JOURNAL 


expressions like (X. 90.11) and 

gqtf WT Hf : I ^ 

!^Ei^ li (X. 55.6 wliere the sun is meant according 
to Grassmann, Griffith and others). And ‘strong’ (or 
saturator) is a frequent term for Rgvedic deities ; compare 
in I. 154.3 said about Visnu, a solar deity and 
w fNt in X.26.3 about another solar deity. The two 
epithets have also been combined. Agui has been called 
a ‘brown or tawny vrsan’ in VI.48.0 and VTI.10'1. 
The ‘brown bull or breeder ’ in V.12.0 “ *ht«i *[9*6%.. 

«Btr H may be Agni or may be some deity 

distinct from itself (the Sun ‘?). In IX.2.6 “ ?R- 

^ frfffRrl ST I ^ u ” the Soma has been called 

a ‘tawny vr^an ’ and beautiful like Mitra ( = Sun) and 
shining wath Surya (=Sun). This suggests that Mitra 
is also a ‘ tawny rr^an ’ and we actually find the Sun 
called a bull and a ruddy bird in V.47.3 ‘‘39T 

^fsT i 'jRicwr ^ 

?3f?TW9Ts*n1 II ” In VIT.88.1, “ nsf wfe* 

sftefN I «T II ”, 

the ‘lofty vrsem* is certainly the Sun and in the thiiieenth 
book of the Atharva Veda the Sun appears simply as 
Tlf55r=the Red One. Instances may be multiplied, ‘vrsan’ 
in vfsa/cajn may mean ‘ strong ’ or ‘ potent ’ and not 
‘ bull ’. The saturating power of the Sun is very frequently 
referred to in the Rgveda. May vve not now unhesitatingly 
reject ‘ Mannaffe ’ for t^rsdkapi and substitute in its place 
‘strong or potent hiwny-coloured animal understanding 
theraby the Sun ? 

I am now in a position to begin a ti’anslation of 
the hymn. There is not much obscurity about tlie meanings 
of the words. Consequently the differant Iranslaiions 
do not much differ from one another and mine too will 
not materially differ from those of my prede(!essors. There 
will naturally be a few differences here and there and 
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these will be discussed in die notes on the different 
verses. 

•‘(1) Men have given up the pressing of the Soma 
and they have not been worshipping Indra, whereas my 
friend Vrsakapi liJis been exliilarating himself in the wetiltli 
(i. e. offerings) of the pious (or the rich). Indra is 
superior to all. 

(2) Thou passest by, Indra, without minding the 
transgression of Vrsakapi but thou findcst not Soma to 
drink anywhere else. Indra is superior to all. 

(3) What has this tawny beast Vrsakapi done 
to thee, that thou grudgest him now the wealth (or 
offerings) of the pious (or the rich) ? Indra is superior 
to all. 

(4) Thy favourite Vrsakapi whom thou proteetest, 

Indra, may the hound bite him, may the boar-himter 

sci/.e him in the ear. Indi'a is superior to all. 

(5) This tawny animal has spoiled the dear well- 
made and brightened things for me and 1 shall now 
break his heiid. I am not going to be indulgent towards 
a transgressor. Indra is superior to all. 

(b) “No Dame liath ampler charms than I, or 

greater wealth of love’s delights. 

None with more ardour offers all her beauty to 
her lord’s embrace ‘ Imha is superior to all. 

(7) Yes, M;idam, easily won, that is what will 

verily be. My buttocks. Madam, thighs and head seem 

to shake for very joy. Indra is superior to all. 

(8) O thou of lovely arms and lovely fingers, of 
profuse tresses and broad hip.s, why afflictest, hero’s wife, 
this our (poor) Vrsiikapi? Indra is superior to all. 

I have given bis free translation which somehow 
convoys the sense ; for I could myself give only a literal translation 
and that would have been obscene. 
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(9) This mischievous creature treats me as one 

without heroic issues, whereiis 1 am a mother of hei’oic 

sonsj Indra’s wife am I and tlie Maruts’ friend. “Indra 

is superior to all. 

(10) From ancient times this lady has been going 
to the common sacrifice and c-elebration. She, tlie rite’s 
onlainer, hero’s mother and Indra’s wife, has been wor- 
shipped (everywhere). Indra is suixjrior to all. 

(11) I have hesnd Indrani as the blessed among 

all dames for her husband will not age and die even 

in future time. Indra is superior to all. 

(12) I never joj^ed Indrani, without my frieml 

Vrsakapi, w'hose dear watery oblation goes to the gods. 
Indra is superior to all. 

(13) O Ijounteous Vrsukapayi, having good sons 

and daughters-in-law too thy Indra will eat the dear... 
oblation of hulls. Indra is superior to all. 

(14) They cook for me together fifteen bulls (or) 

twenty and I take their fat and they fill my belly on 

both the si(le.s. Indra is superior to all. 

(15) Let this drink, Lidra, please tliy heart, which 

is strong like a sluirp-hornctl bull, I)e]lowing among the 

herds, and Avhich is pressed for thee by the person who 
wants to win thy love. Indra is superior to jdl, 

(IG), (17) (See commentary of Sayana quoted below). ‘ 

‘ t ^ ar 

*3 

?r?nireT lTJnirg«w«r qr 

3^T qd ?rqFqq? 

fifer ^ qq qq; H ^ qi| 
qw qqqs^ Qfwrr 5!»q^ i %([qsqqf i 

'^qfqjsq^^^TSq ^sq: I q^ 

^'^rqff q^dtwf^vr: ill *11 really means ‘is strong or 

potent.’ 
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(18) May, Indra, Vrsakapi obtain a victim of wild 
beasts (?), the knife, the oven, the new piin and also a cart 
with fuels filled. Indra is superior to all. 

(19) I come viewing all tlie quarters discriminating 
the Dasa and the Arya and I drink the Soma pmssed 
only by the guileless votary and I look (mth favour) on 
the wise. Indra is superior to all. 

(20) The deserts, jmd die steep regions and how 
msmy m’e the leagues (thou hast to pass) ! Through them 
come down Vrsakapi to thy neither homes. Indra is 
superior to all. 

(21) Come again Vmkapi, blessed enjoyments we 
(too) shall mTange (for thee or for oureelves), thou who 
bringing sleep goest (down) again to thine home by thine 
(olden) path. Indra is superior to all. 

(22) When you, Vrsakapi and Indra, who were 
on the upper heavens, went to your home, where was 
then the dread beast, where went that charmer (?) of 
people? India is superior to all. 

(23) Parsu, the human wife, brought forth tog(‘ther 
twenty children. It is good that hapiiened to her whose 
womb had swelled and causal her pain. Imh-a is superior 
to all.* 

What story <loes the hymn tell us ? According to 
Professor Macdonell ' , “ This hymn describes a dispute 

between Indra and his wife Imhani about the monkey 
Vrsakapi, who is the favourite of the former and has 
damagal the property of the latter. Vrsakapi is soundly 
threshed and escfipes, but afterwards returns when a reconci- 
liation takes place.” Professor Cleldner* says that it is 
“ a dramatic scene in genuine {xipular style. Vrsakapi, an 
ape and a bastard of Indra, had on account of a threshing 
left the house and he has now fdono and without Indra, 

*Vc(lic Mythology, p. 64. 

*Der Kgveda in Auswahl II (Kommenter) p. 1<S4. 
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called on people who inu celebrating liis worship and 
have thereon almost forgotten the God (Indra) himself. 
Dining their vain search for Soma, Indra and Indrani 
meet their naughty son and his consort at a banquet.” 
Grassraann writes, ‘ “ Dialogue between Incka and Indrani in 
the presence of Vrsakapi and his wife Vrsakapayi. Vrsakapi, 
literally ‘ the strong ape,’ ‘ the male ape ’, who has been directly 
called kapi i. e. ape in verse 5, appears here as a being 
intermediate lietween a demigod and a demon. While he 
is a friend and comrade of Indra and sacrifices to him 
with zeal, he behaves himself wantonly with his wife 
Indrani and torments people. The refrain at the end of 
each verse; ‘Highest of all is Indra,’ obviously did not 
belong to the original hymn and since it breaks the 
connection everywhere, it has been omitted in the following 
translation. The hymn is twice interrupted by obscene 
passiiges (vv. 0, 7, 10, 17) that break the connection and 
also seem to have formerly formed natural parts of hymns 
in which husband and wife speak together. Verses 6 
and 7 appear to have been taken from an obscene hymn 
and most likely verses 10 and 17 too. Vrsakapi threatened 
by Indrani has been defended by Indra, especially on 
account of a sacrifice which he and his family offer to 
Indra, whereon Indrani (v. 15) praises the brew she has 
prepared imd derides the offering of Vrsakapi (v. 18). 

This Vrsakapi seems to have wished to fly away to 
impassable regions before the anger of Indrani. Indra 
gives him liis own <md his wife’s protection and asks him 
to return to the house (vv. 20-21).” Tilak in his Orion 
(Chapter VII) tries to prove that tlie hymn has an 
astronomical meaning. According to him, Vrsakapi is the 
Sun who has the vernal equinox in the Orion. After 
the autumnal equinox, the Sun passes to the southern 
hemisphere and Tilak thinks that sacrifices were then 
^Rgvila, iibersetzt, II, p. 484. 
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stopped. According to him the hymn records Indrani’s 
chagrin at this stoppage of sacrifices for her lord; and 
she is . wroth with the mrga (Orion) whose acronycal 
rising was “a signal to stop such ceremonies, and oblations 
could properly be said to have been spoilt by the 
appearance of tliis constellation at the beginning of night” 
Indj’anl wishes tx) cut off (=jictually cuts off', according 
to Tilak) this mrgcCa hciid and the cut off head of the 
‘antelope’ is the constellation Canis Major. Indrani is 
reconciled with Vrsakapi (=:tlie Sun) when he comes 
back i. e. returns from the southern hemisphere (at the 
vernal equinox), whereon sjicrifices can go on again. 

In interpreting obscure passages of an old text like 
the Rgveda the imagination has to be exercisecl a good 

deal. But this faculty should be used with considerable 
restraint. I cannot help feeling that my predecessors used 
tlieir imaginations too freely. The ultimate determining 
factor is the text itself. I have used my imagination 
in the undershinding of the hymn but have confined it 

within the narrow limits of actual text and have throughout 
sought (and found) parallels for the meanings that the 
words of the hymn seemed to warrant. I now give below 
my own interpretation but before doing that I must 

off’er some remarks about the views quoted above. The 
European interpreters have been all misled by their 

supposition that hapi in Vrsakapi means ‘ im ape. ’ 
But I have shown already that Jcapi should mean ‘ a tawny- 
coloured animal’ SinikVrsdkapi stands for the Sun. This natural 
supposition would have saved Geldner and Grassmann from 
a host of wild guesses. Geldner* thinks that the stsite- 
ment of Sadguru^isya “ snu:” 

means that Vrsakapi is a haslard of Indra. This 
betrays a lamentable ignorance of Oriental conditions, 

’Orion (reprinted by Ashtckar, p. 179). 

*Vedische Studien, II, 23. 
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Monogamy was not a rigid rule in the time of Sadguni- 
sisy:i or Sayana or the seers of the Vedic hymns 
themselves. IndrilnI’s eo-wife, the mother of Yrsakapi 
would be as good a married wife of Indra as Indrani 
hereelf and consequently Vrsakapi would bo as legitimate 
a son of Indra as Indriini’s sons would he. Besides showing 
an unbridled imagination Grassmann makes a number of 
assumptions about the original text of the. hymn which 
have no warrant save his own in.ability to understand 
the connections. Against Tilak, I liave to say that 
mrga does not mean in the Rgveda an ‘antelope’ but 
‘ any wild animal ’ (an animal of the chase) .and he has 
himself admitted that no trace of the constellation Canis 
Major (Tilak’s Svan in S.anskrit) is found in Sanskrit 
literature. Hence all those suppositions about the cut-off 
head of the antelope with a dog-sbar behind it at the 
aeronycal rising of the Orion when s.acrifices have to bo stop- 
ped at on(!e fall to tlie ground. No scientific mind will consider 
seiiously an interpretation according to which Vrs.akapi at 
one place means the Sun in the Orion, and at another place in 
the same hymn the; constellation Orion rising in the 
eastern horizon when the Sun sets (being now at a 
distance of 180 '’ from the constellation). I do not say 
more, because to show the unton.ability of the various 
assumptions of Tilak woubl require double the space he 
has himself devoted to the subject. It is a matter of 
pity for the cause of science that the greatness of 
Lokamanya Tilak’s character, both personal and political, 
.and his real fame for vast erudition create an undue 
prejudice in our country in favour of his historical 
conclusions. 

Now for my own interpi*etation. The hymn most 
clearly refers to an orthodox opposition tigainst the 
woi*ship of Vrsakfipi ( = Visnu = the Sun god) to the 
exclusion of the old nation.al god Indra, This opposition 
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is expressed dramatically dirough tlie mouth of IndranI, 
Indi’a’s wife, who is the person that is most likely to 
be Jiffected at her husband’s loss of woiship. She is 
naturally indignant witli Vrsakapi for whose sake her 
lord lias been deprived of his wonted oblations (vv- 1 
and 2). She tries to I'ouse the anger of her all-powerful 
lord against this insolent boast (vv. I, 2, 5, 9) liut all her efforts 
fail and the old hero expresses his love for and kinship with 
Vrsilkapi whose celebration cannot move him to jealousy (vv. 
,‘j, 8, 12). IndranI fails and the worship of Vrsakapi receives 
the weighty support of Indra himself (vv. 19-21). The ‘seer’ 
of the hymn, who is obviously an exclusive worshipper 
of this deity Vrsakapi ( = Visnu ■■ the Sun god), cleverly 
disai'ins’ orthodox opposition liy making Indra himself 
sanction this worship and by the diplomatic' refrain at 

the end of each vei'se, “ a#?:” (fndra is the 

highest of all), 'riiis interprekition is based on the actual 
text (in the understanding of which the imagination has 
been used with considerable I'cstraint) and it leaves no 
portion of the hymn out of account. 'Fhe lefniin, verses 
t) and 7 and 1(5 and 17 and 23 (the concluding one 
which none has eio this been able to satisfactorily 
connect with the previous venses) have all been found to be 
connected with the rest of the hymn. I have also found 
Rgvedic parallels for all the new meanings 1 have pro- 

posed. Let me now give reastms for the few innovations 
I have made in the tratisUition and for the new interpre- 
tation I have just proposed and let me fwther explain my 
position. This will be best done by taking up each verse 
and discussing its mes^uiing. I may, however, mention 
here the legend given in the Brahma Purana (ch. 129) 
of Abjaka Vrsakapi, a man having the nature of 
Siva and Visnu, who was protluced from the water by 

'The person who verbally acknowledges the sapreniacy 

of Indra cannot be branded as a ‘heretic’. 

15 
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Siva, the Godavari and Visnu at the prayer of Indra 
and Saoi. It is possible that the Furana understands 
kapi to mean a monkey but that is quite natura!. 1 
therefore do not feel disposed to accept the suggestion of 
Mr. Pargiter (J. R. A. S., IJlll, p. H()8 — 9) about the 
Dra'S'idian origin of tlie V’rsakapi cult or to think that 
the Puranie story is not based on our liymn. 

Verse 1 — ^44iis verse is put in the mouth of Tiidra 
by Sadgurusisya, 8ayana anti Geldner l)ut of Indrani by 
Madhaval)hatpi ((juoted by Hayana on X. 80.1), Durga- 
carya (on Nir. XII1.4) and Ludwig. I bike it to be 
s]X)ken by Indrani for it contains a note of complaint. 
India would not complain against V^rsakapi who is liis 
favourite (cf. v. 12) is taken by Yaska (?)*, Sayana 
and Geldner in the Hecond Volume of the Vedische 
8tudien as nominativt; singular of (meaning ‘lord’, an 
iidjeiitive of But Geldner in the 14urd Volume 

of his Vedisclie Studien (III, SO) and in the Kommentar 
(p. 184) coiTCctetl himself by taking it as genitive 

singular of ^ ( — 9rr4 = Aiyan). (fldenberg (Rgvetla, text 
ki’itische anti extgetische Noten, 11, 290) supports this 

correction. should be therefort; etmnetacd with 

Indrani twmipluins that when Vrsakapi (who is only her 
‘frientl’, or relation) is revelling at the leasts Aryans are 
offering, her husband gets neither his wonttKl libation of 
Soma nor the w'orship ( V man ~ to w'orsliip) Aiyans had 
lieen offering him so long. Indrani cannot brook this 
insult of her husbantl (and of lienself) w'hen she sees 
Vrsakapi {ii’eferred to her lortl. As is usiuil with 
women in such circumstances,, she becomes angiy with 
Vrsakapi. 

Verse 2 . — This verse is asciibed by all to Indrani 
and there can be no doubt on the point. Indrani is 

'Xir. XIII. 4. It is hiyhly doubtful if Yaska is the 
anther of the supplementary chapters {XIII and XIV}, 
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wrotli with Vrsakapi for he eats and drinks the 
offerings (principally the Soma) that were her hnsband’s 
due Sind slie points out to Indra the transgi'ession of 
this wretch. She wondere why her husband feels no 
anger sigainst this transgressor; Tndra, should not condone 
the offenw for he is getting nothing himself (“ thou dost 
not get Soma to drink in any other place ”). 

Verse 3 . — Sadgurusisya and Sayana ascril)e this lerse 
to Indranl but Goldner, Griffith, Ludwig and Gldenberg 
are more justifieil in putting it in Tndra’s month, Indrani 
h.'is tried in the previous verse to rou.se the finger of 
Tndre against Vrsakapi but Tndra asks in wonder what 
makes her so much wroth with Vrsakapi that she 
grudge.s him the rich offerings of the Aryans ^1*1: = 
^: = ‘ 5 relloiv or tjiwny-coloured animal’, hero has 

the same formation and syntactical connection as in v. 1. 

Verse .4.— Attributed by all to Indrani. Tndm’s 
astonished question make.s rndrani lose her temper. She 
had expected that Indni would be estranged from Vrsa- 
kapi the moment she brought to bis notice the latter’s 
offence. But she finds to her horror that Tndra is speak- 
ing sympatheticfilly Jibout Vrsakiipi. She now starts the 
various feminine guiles for inducing a husband’s obedience. 
I’he first weapon that she uses is a show of violent 
passion. She curses the wreUdied animal (Vrsakapi) 
wliom Indra stacks to defend. Griffith takes to be 

an iidjective to and translates r- and d as one .sentence: 

“ Soon may the hound who hunts the boar seize him and 
bite him in the ear. ” This construction is possible or perhaps 
probable but not iiltogether certain. In taking d separate- 
ly we have to supply a new verb, for will not 

do here. On the other hand is better construed with 
c. Consequently d should l^e connected with c. But if 
we supply in d some verb mefining ‘ may shoot ’ or 
‘ may pierce’, “let the boar-hunter .shoot at or pierce his 
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ear” will by itself make quite good sense. Griffitli’s 
eoustruetion though simpler has the defect of making 
wr supei-fluous. However, T leave the question undecided. 
But 1 ask my readers to remember tlie word for T 

shall have to refer to it again. 

Verse 5. — Again TiidianT’s words according to all 
authorities. Imh-iini ('ontiimc's in the same vein. But she 
first gives the ground for her anger. She has already 
said how Vrsakapi has been snatching away the portion 
of Tndra, 'rhis altogether failed to make any impression 
on Tndra for he asked in wonder why he grudge<l the 
‘ beast ’ his sacrificial Feast. rndriinT therefore changes her 
(charge and now gives out that Vrsakapi lind harmed her too. 
What is (he harm she had sufiered at his hands ? 
Grassmann and Griffith suppose tliat Tndrani accuses 
Vrsakapi of having wantonly assaulted her. But wdiere 
is the text to warrant such a view ? The words are 
simply “fJWT ?reT{«t 5^ here. is a short, 

form for .and has the same meaning (‘tawny’ — 

tawny-colourcd animal) as in v. 8. What things 

of IndriTn! does this ‘ tawny-coloure<l .animal ’ spoil ? 
(jreldner’ supposes that fiwt ?i»^iwf = the delightful limbs 
of rndnani in which lies lier womanly attraction but 
about which Vrsakapi speaks ill ( ). But tlie word 

does not w.arrant this interpretation. It is derived 
frorav?ro ‘to artifice’ ; would therefore mean ‘well-made^ 
«i^t is from V *• to besmear ; ’ ) would 

literally mean ‘ well-hosraeared’. I therefore see no reason 
for rejecting the interpretation of Sayana for ?T8ifsf { ‘*rswT^: 

‘offerings prepared by the worshippers’) and 
isnRT^’ ‘well-besmeared with ghee). 
may be in the sixth case (‘of me’) or, as Sayana 

fakes it, in the fourth — dative of interest (‘for me’). 


’Kommontar, p. 185. 
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Consequently T understand ‘few trerlR d 
(o mean (hat IndranI accuses Vrsakapi of liaving spoiled 
the offerings of sacrificial cakes &c., she had l)een expecting, 
by eating of them and thereby turning llie things into 
inipui-e offals. This is a personal insult and as Tndra seems 
to pi-eserve a stolid appearaiu^, Indrani proposes to take 
the law into her own hands and punish the transgressor 
herself. 

Verse 6. — Tndi'ani speaks again. She attempletl to 
I'ouse the anger of Tndra ag;unst Vrsakapi by memtioning 
in verses I and 2 how Tndra Wiis Iteing injured by 
Vrsakapi. Verse d shows (he callousness of Tndra. In 
verse 5, Tndrani said that she too was harmed by this 
‘tawny beast’ and in the same way. To make Tndra 
b^ol for her she now ro(*ounts her personal charms expecting 
thereby to seduce him into (*ompliance. Her threat in 
V. 5 cd was an idle one. 

Verse 7 . — ^'riiis verse is ascaabod by Sadgimisisya, 
Sayana, Geldner and Oldenbei'g to Vrsakapi and by 
[judwig and Gritfitb to Indrani. There is nothing in the 
previotis verse to show that it Avas addressed to Vrsakapi. 
Why should then Vrsakapi thrust himself here? 5«TftT 
cannot be satisfa(!torily explaincal if Vrsakapi is the 
speaker here. The root means ‘to b(i excitp<l.’ Vrsa- 
kapi’s head may tremhh^ for fear but cannot surely be 
excited with joy or (anger) and this ‘trembling foi- fear’ 
can he understood only after Tndriini’s threats in A-ei’ses 4 
and 5 and not after the mention of her personal charms 
in verse 0. Besides, the address (‘0 thou, easy 

of access’) for Indrani is altogether inappropriate in 
Vrsakapi’s mouth. She is not his wife hut Intha’s. Nor 
Citn the verse he ascribed to Indriini for who can then be 
‘the mother easy of .access’? I therefore propose to take 
this verse as coming from Indra as the foIloAving one 
is according to all opinions. Ver.se 6 was apparently 
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addi'essed to liim and we iiiay well expect his reply now. 
ft is the vocative w (‘ mother ’) that has misled these inter- 
pi’(?ters for Tndroni is ludi-a’s Avife and not mother., Tilak 
Avho ascribes this vet’se to rndni says, “ T prefer taking 
atnhd fis an alfectionalo and respectful mode of address, as 
in modern Sanskrit, and the verse presents no difficulty.” 
But apparently means (or may mean) ‘O mother of 
your child (Vrsakaj)!)’. Tn many countries, fathers often 
address their wives as ‘mother’— meaning of course ‘mother 
of our children’. The word may have been similarly 
used here, fndrani mentions her |>ersonal charms in v. 0. 
Indra admits her superiority in beauty in v. 7 a and h : 
though Indrani surreudei's her (diarms for enjoyment, almost 
unasked, these are (d‘ no mean ordei' — she is really, as she 
claims to be, the fii-st in beauty, fndrani’s personal charms 
are also referred to els(nvhcre; compare Maitrayani Samhita 
Til, 8, 4 and Taittiriya Brahmana 11, 4-2-7. In v. 7 c and 
d, fndra admits with great courtesy ‘ that her charms 
have an appeal for him. 

Verse 8. — Indra’s words according lo all authorities. 
Indra repeats in linos a and 6 the excellenco of Indrlini’s 
personal charms. But in c and d he asks her again what 
makes lau- angiy with Yrsakapi. Tliere scorns to be some 
significance in the address '^’1% (‘ O hero’s Avife ’): it is 
probabi}' meant that a hero’s Avife should not (diastise a 
poor creature like Vrsakapi. 

Veri^e 9. — ^Indrani replies. is paraphrased in 

the Nirukta tVT. 31) by But the accent is not of 

a l)ut of a *. Consequently the 

meaning is ‘not having heroes (or a hero)’. Nowlin 

' I say ‘with courtesy \ becaiise the % is to be connect- 
ed with sboAVS that liis hodj- is not actually excited with 

joy- 

■' P.lnini VI. 2'2 (with Vnrtika on itl and VI. 2172, 
Macdonell’s Vedic Grammar (Grnn«Iris3) § 890 Be. and 91 A. 2-b. 
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(he Rgveda generally means * ‘a heroic son ’ or simply 
‘ a son in line a is mahihed by in line c 

which certainly means ‘ having a hero or hen)es (jlriffitli 

translates ‘ ’ by “ Heroes for my sons 

have r Why does he render then by one 

bereft of hero’s love ” ? (iJeldnor rend{irs mra in both 
and by ' son Childless women are generally 

held in much <;ontempt. Indrani says that she is being treated 
as such a one by Vrsakapi. But she emphatically declares that 
she is with children ’ foi- she is Indra’s wife who can 

never be ehihlless. Vrsakapi is certainly not her own 

son. Then what is lier is.sue? M am a friend of the 
Maruts ’ probably means that these Maruts are her sons, 

(translate scikhd by ‘frien<r in verses 1 and 9; but it 
is possible that in both the places the word has the 
connotation of kinship. A lady blessed with heroic 

children (the Maruts ?) should not be deprived of her 

share in the festive offering — conseiiuently V^rsakapi has 
no justification in snat(!hing away her portion. It seems 

now that Sadgurusisya. is riglit in conceiving Vrsakapi 
as the step son <:)f Indrani. Indian folklore abounfls in 

stories <^1 a step-mothei' afflieting b(?r step-s«»n and we 

find here Inth-aui trying to aluaifite her husband from 
her ‘ step-son ’ Vrsakapi. 

Verse 10 — Sadgurusisya and Sayaua ;i.seribe this 

verse to Indrani. Similarly Ludwig and Griffith. Geldner 
in the Vedische Btudien * put it in the mouth of Vrsa- 
kapi but later ^ corrected himself by making Indrani 
or Indra the speaker. Oldenberg too understands it as 

coming from tlie mouth of either Indrani or Indra. I 
do not know h)r (icrtain to which of the two the verse 

could be ascribed with better justice ; it may be equally 

^Sco Grassmarui. Worterbuch, 1316. 

’II, 26. 

’Kommentar, 185. 
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understood as Indram’s speech or as Indra’s utterance. 
However I give preferenee to Indrani hypothetically. But 
the meaning remains unaltered in eitlier ease. . Barren 

women are considered a cursi; and they are likely to 

he excluded trom festive meetings. But Indrani, verse 10 
informs us, is both the ‘ motlier of heroes ’ ( ) 

and has accompanied her husband to sacrifices. [In 
actual ritual Inilrani had a share in the saci'itice.] 

Verne il— Tliis verse is attributed to Vrsakapi by 
Huigaciirya (on Jvir. XI. 38). (ileldner makes Vrsakapayi 
(wife of Vrsakapi) the s[)eaker Init his i*easons are not 
appju'cnt to mo. Sadgurusisyii, Hiiyana’, Ludwig, Griffith 
and Oldenbc'ig ascribe it to Imlra. I think they 
are correct; for Indrani addressed Indra and we would 
expect him to reply. d'ht* following verse which is 
certainly Imh'a’s does not contain any indication of a. 
fresh speech. Leaving out the uncertain verse 10, we 

may liold that Indra replies to Indrani in vv. 11 — 14. 
In V. 11, Indr!i tries to soothe Indrani. He says that 
she is the luckiest of women. Women in India (and 
probably everywhere else) (jonsider the longivit)'^ and love 
of their husbands and the (existence and well-being of 
llmir sons as the highest fortune. Indrani has this fortune. 
How then can she be excluded from sattriflces ? 4^116 

word nibfid(/d probably means here both beautiful and 

fortunate. 

Verse 12 — Durgac.arya ascril>es it to Vrsakapi’ 
perhaps carelessly for he contnidicts himself in the very 

'Sayana's alteriuitivi* ascription to Vr?akapi is the result 
of Dnrgacfirya's intiiKuicc. 

“amkl on .Nir. Xt. 31MM. M. 

Pandit bivadattii s cilitioii). The previous verse couimented on 
is the preceding one of our hymn, where Durga said 
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next sentence by saying “ ”, All else ascribe 

the verse to Indra. Indra tried to soothe Indrnni in the 
previous verse by making her the luckiest of women. 
He fully understands that IndranT’s real complaint was 
that Vrsakapi was receiving worship in the place of 
Indra and that the accusation in verses 5 and 9 is a 

clever lie or at least is secondary (being Ithrown out to 

rouse Indra from his callousness). Consequently he now 
gives his reply only on the point of his own alleged 

loss of worship*. Ho says that he never enjoys with- 
out his friend Vrsakapi. Consequently how can he 
envy him the worship and oblations that he is receiving? 

watery oblation ’ probably refers to the Soma 
juice. Not only is Vrsakapi dear unto Indra, he is the 

favourite of all the gods. His dear oblation goes to all 
the gods and that means that all the gods enjoy his 
worehip. How then can Indrani incite envy against this 
dear friend of Indiva? [ft should be remembered that 

Visnu has been called ‘ Indra’s fast fi’iend ’ 

in kv. I. 22. 19]. 

Verne 13 — ^Now corae.s some difficulty. Sadguru^isya, 
Sayana, Ludwig, Geldner and Griffith ascribe the verse to 
Vrsakapi but it .seems better to follow Duigacarya* and 

Oldenberg in understanding Indra to be the speaker. 
Indra is the speaker of verees 12 and 14. What 

expression is there in v. 1.3 to show that it comes from 
a different mouth ? The vocative presents great 

difficulty. Who is this Vrsakapayi? The formation of the 
word seems to make her the wife of Vrsakapi and this 
is the only meaning which classical usage can attach to 

‘Had Indrdni chax’ged Vrsakapi with having wantonly 
assaulted her as Grassmann and Griffith suppose, we would 
certainly have had Indra’s reply on the point, if not actual 
retribution for that misdeed. 

*On Nir. XII. 9. 


16 



122 


ALIiAHABAD UNIVERSITY JOURNAL 


the word. Yasku (XII-S) following this usage ascribes 
tliis meaning to the word and he seems to be supported 
by the Nighautu (v. 6) enumeration. But it is possible 

that Vrsakapiiyi means here Vrsakapi’s mother ( = step- 
mother, i.e. Tndrfini) and not wife. This is the only 
meaning thfit can apparent!}' suit tlie context. Sayana 
knew Yaska’s words and the usage of liis time. Still 
he felt constrained by the actual text to reject them in 

favour of tlie meaning ‘Tndrani’. His words are interesting 
as they show how he seeks not to do violence 

to the accepted formation of Vrsdkakdpi ; he says, 

I vrRuit 'ifli i «i?i 

(being moi’c sensible now) = (beeiuse he ascribes 

the vei’se to Vrsiikapi) nin? The mention of her 

good sons and daugliters-in-Law may make one take 

Vrsakapayi to be none other than Indi-ani who has 

emphatioidly called herself (‘ mother of heroes) 

in verse 9. The wealth referred to in the vocative 

connects itself naturally with the good fortune mentioned 
in verse 11. Verse 13 may therefore be taken as Indra’s 
words addressed to IndraJiI. Indra continues with his 
consolation. He first humours Tndrani by mentioning her 
wealth of children. He now says that he will take the 

offering of bulls. This probably means that though 

Vrsakapi gets the Soma, oblation, Indra. is not going- 

unfed, for bulls are being offered to him. It is possible 

(or rather certain) that the Soma formed the chief offering 
and oblation of bulls etc. may possibly have been given 
to the secondary deities. Indra was the chief god of the 
Aryans for ages and the Soma was his especial food- 

But the present hymn shows him brought down to a 
lower place and Vrsakapi ( = the sutt=Vi8nu) elevated to 
his seat. Consequently oui* poet makes Indra approve 
the offering of Soma for Vrsakapi in verse 12 and the 
oblation of bulls for himself in verse 13. The word 
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wftwwt is obsuuie to me and I have therefore left it 
untranslated in the i-endering given above. Yaska gives 
it the- meaning ‘giving great joy’. Sayaiia necessarily 
follows him. Of European interpreters, Geldner^ gives 
with a little hesitation ‘what is of worth’, Grassmann 
‘efficacious’ and Ludwig and Griffith ‘that which effecteth 
much’. The adjective fire shows that Indra is thoroughly 
satisfied with the that he is now getting and he has 

therefore no <;ause to be jealous of Vrsakapayl, n can 
be connected witli ‘thy bulls’, but I prefer to 

connect it with the word that immediately follows it, viz,, 

^ = ‘ thy Indra ’ -- ‘ Indra in whom thou art 

particularly intere.stetl’. TJiat the bulls lare not the 
offerings of Vrsakapayl (= Indian!) but of the human 
worshippers is evidenced by the plural number in the 
verb <T4f% of the following verse. 

Note . — If cannot mean ‘ Vrsakapi’s mother ’ 

but must needs mean, on the analogy of ^r^Ti ( 

etc.), ‘Vraiikapi’s wife’, considerable alteration will 
have to be made in the interpretation of this verse. 
[ can suggest an alteration which would both suit 
the context and fit in with my interpretations of the 
remaining verses (with, of course, .slight modifications here 
and there). See below under note on veree 19 for this 
meaning which 1 prefer though I have relegated it to a note. 

Verse 14 . — The vei’se I is ascribed by idl to Indra 
and no doubt is pos.sible on the jioint. Indra makes here 
a complimentaiy reference to the bulls that worshippers 
cook for him. The number of these bulls is iiccording 
to Sayana 15+20 = 35. But I prefer to take it as 
‘15 or 20’; if ^ can be supplied, surely srr can be. 

Verse 16 . — It is put in the mouth of Vrsakapayi 
by Geidner and to herself or her: husband Vrsakapi 


'Glossar, p. 44 
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by Oldenbei^ but their reasons ax'e not apparent to me. 
I therefore follow Sadgurusisya, Syaana, Ludwig and 
Griffith in attiibuting the verse to Indrani. Indrani now 
tries to win over Indra to her own view by rousing in 
him a temptation for the Soma di’aught. Indra has said 
in V. 12 that he is satisfied that the offering of Soma 
goes to Vrsakapi, which all the gods enjoy, and in vv. 
13* and 14 that he is himself contented with only 
the offering of bulls. Indrani now (in v. 15) praises the 
draught of Soma that his prepares for himu; ■ Thb^ 

( ‘seeker of his 6Aav«=love’) may be Indrani herself, 
in which ease the Soma offering is made by her. But 
this is neither cerhiin nor necessary, for the word may 
easily mean any dev'oted worshipper of Indi’Ji ( i.e. an 
orthodox Aayan who had not given up pressing of 
Soma for Indra). Indra has expressed satisfaction at 
the bulls he is now getting as his portion. Indrani 
therefore calls the Soma drink wliich he is now 
willingly going without as like a sharp-horned bull 
bellowing among the herds.” She expects thus to rouse 
his old fondness for this (h'ink and then to make him 
jealous of Vrsakapi, the fellow who has usurjaid his place 
at the sacrifice. 

Verse 16 . — All a.scribe this verse to Indmni and I 
have no hesitation in following them. Wine and woman 
are the two great seducers of man. Indrani tried the 
seduction of tiie former in the previous verse. Of the 
latter she has made an attempt already (v. 6) but she 
makes here a last frantic effort. She here derides the 
person who refrains from intercourse with woman. Her 
hope is that Indra will no longer be able to contain 
himself but will give himself up to her charms; and she 
will .secure the banishment of Vrsakapi from the general 


'But algo see below' under note on v. 19 . 
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wornhip of people*. Geldner thinks that H : in the first half 
refers to Vrsakapi and in the second to Indra. But 

what gi’ound is there for such a difference in treatment? 
Two different types of men are contrasted here : the type 
mentioned in the first half is that of the celibate whom 
Indrani derides as impotent and in the second comes in 
the bull-blooded gallant who is the really strong man 

according to her. Geldner’s quotation* from the Hito- 
padesa* is neitlier here nor there but the reference to 
1. 34 is quite apposite. 

Fcr.se 17 . — Geldner ascribes it to Vrsakapayi but 
there can be no sense in tliis view^ 1 have already 

shown that Kapi in Vrsakapi does not mean ‘monkey.’ 
There is besides no difference between a monkey and a 
man (or a god antlmopomorphicJiUy (jonceivetl) that would 
justify Vrrakapi’s wife in reversing the statement of 
Indrani*. 1 therefore feel no hesitation in rejecting 

Geldner’.s view'. Saclguru6isya makes Indrani the speaker. 
But why should she tliink of contradicting herself, of 
saying here just the opposite of w'hat she ha.s rectmtfy 
sfiid ? According to Sayana’s statement in the 

'Oouaparo Kt'kayl’s (successful! attempt in the Itriuuiyaiia 
U> secure the banislimeut of Rauia on the strength of her 
loving services to King Daejn’atha rendered in the past. Com- 
pare also Iliad XIA’’, where Hem chams away Zens I'roin the view of 
tJic battle, that her own partisans, the Achaians, may not 
he thwarteil by the great god in their attempts against Hector 
and tho 'I’rojan host. 

■ Kommentar, p. 18(3. 

■* “ WW! 3W ^**§4 ”, Hitopado.Sii, eil. l•*(lc:*son. 

l>. .50. 

’Had the hero of the Hitopadesa stoi-y been a man, his 
would not have been only becan.se of his clothes 

whose use the poor monkey did not know. This aivish character 
lay not in the dangling of the ^^wt in the animal's pulling 

ont the wedge 
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too, Indrani is the speaker of ithisi verse but in hie 
comments on the verse lie makes Indra the speaker. 

Indra is the speaker acatrding to Ludwig too. This is 
perfectly intelligible and I follow it. Indrani set a trap 
for Indra in the previous verse and he here just refuses 
to be caught in it. He denies the correctness of 

her statement. He says that the person who wastes his 

manhood in sexual intercourse is the really impotent man, 

and the strong man is he who stores up his energy by 
continence. Sayaua’s jemark on the ditterence with the 
previous verse deserves fpioting again : “ 

I 9r?i 

II ” 

Verse 18. — Saclgurusisya, Bayana, Griflith and Lud- 
wig ascribe it to Indrani. Geldner stands alone in 
making Vrsiikapayi the speaker and he niixy be safely left 
alone. No wife of Vrsakapi probably take.s part in this 
dialogue.' a difficult word and I do not under- 

stand its preciso* meaning. A wdld animal may be meant 
but what particular animal I cannot make out. Indrani’s pur- 
pose has been foiled by Indra and she has no choice 
but to make up her <piarrel. 8he now suffers Vrsakapi to 
receiv'c Sit and all that gear. 

Note , — Does Indrani want to suggest with feigned in- 
nocence that Vrsakapi should niceive in the sacrifice ani- 
mal offerings (which are really of secondary importance), 
jso that tlic chief offering — the Soma — might go over to 
her lord]? tvould then correspond to ‘the fifteen or 

twenty bulls ’ Indra shows himself contented with in verse 14. 

Verse l9 . — All previous interpreters have put this 
verse in India’s mouth and this ascription may be correct. 
If so, Indra probably means that as he goes about view- 
ing people and discriminating betw'een the Aryan and the 


'Though of course she may have been addressed in v. 13. 
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non-Aiyan, he cannot accept any and every offering that 
is given to him but must needs make a selection — 

‘ I drink of the oblation offered by the artless 
votary’. Hence what cares ho if he is not universally 
worshipped? But probably Indra is not the speaker here. 
Indrani has already said (v. 2), wf[ gtwftuq ‘Nor 

receivest thou elsewhere Soma to drink.’ It is difficult therefore 
to understand to refer to Indra. The root m 

shows that the Soma drink is meant. If Indra is notvhere 
offered Soma, according to Indra ni’s .statement, how can he 
have the drink of guileless ( ) pussers of Soma ( I 
therefore propose to take Vrsakapi to be the speaker. The pre- 
vious verse shows Indrani reconciled to him and ho ma)'^ hav^e 
made bold to open his h'ps now. Vrsakapi is certainly glad 
now and can we not expect him to break into a descrip- 
tion of his own doings ? “ I come viewing fill the quaiters, 

discriminating the Dasa and the Arya” would be more 

appropriate in the lips of Vrsakapi, a solar god; though 
“discriminating the Da.sa and the Arya” alone will easily 
suit Indra. In VIII 1x2 it has been said about Indra 

‘thou comest looking from door to 
door ’ and that may be considei’ed as parallel to 

here. But the passage in the eight mamfala 

qualifies by — Indra looks at every door (for 

his coveted Soma) — whereas in the passage under dis- 
cussion, there being no such qualification, ‘ viewing all the 
quarters’ would be the only natural sense. This latter 

meaning is more intelligible in the case of a solar deity ; c. f. 

(I. 35. 5), 

(1. 50. 7) etc. If we take Vrsakapi to be the speaker, the 
whole verse becomes easily intelligible and connection with 
the previous and the following verses becomes quite patent. 
Indrani said in v. 18 that Vrsakapi might receive his 

(usual?) meat offering and he probably brags now of liis 

greatness — as he goes through the firmament viewing all 
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creatures, he can well understand who is the Aiyan (boun- 
teous) offerer and who is the Dasa (niggard). Indra lias 
been frequently mentioned as preferring the bounteous 
Aryan over the niggardly non-Aryan (Dasa or Pani). 
Vrsakapi therefore probably lays claim to the same func- 
tion. He complacently speaks of how he accepts the Soma 
drink (that was formoi’ly Tndra’s wont). The connexion 
with the following ver-ses will be manifest below. 

Note . — If the suggestion thrown out in the previous 
note can be accepted, tlie following alteration should be 
made, fndrani suggested in v. 18 with feigned innocence 
that Vrsakapi should content himself with offerings of 
animals (only). But the clever Vrsakapi, supremely cons- 
(;ious of his own importance and Indra’s kind indulgence, 
replies here, “I travel through the whole firmament looking 
at people and discriminating the Dasa and Arya (and I 
shall therefore claim, as a matter of right, the Soma offering 
of the pious = Aryan worshipper)”. Failing to win Indra 
over to her \dew, Indrani may have tried in v. 18 to 
induce Vrsakapi (her very object of envy) to surrender 
the Soma offering (to her lord) but he insists on having 
this oblation. 

Indrani may have, already (in v 13) approached 
Vrsakapi’s wife witli a similar request, if means 

‘Vrsakapi’s wife’. Failing to rouse the anger of Indra, 
she may have asked the rich^ wife of Vrsakapi to 
allow Indra to share in ‘her bulls and dear 
oblation’. If Vrsakapi’s wife is WNi and Vrsakapi 

may well have derided Indrani on account of her 
barrenness (see v. 9.) ’ in v. 13 may 

be a parallel to in the previous verse, in 

which case may conespond to and mean 

’In the offerinRH she and her lord receive from their 
worshippers ? 
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‘ watery ’ or better ‘ cooling \ If Vrsakapi's wife has been 
addressed in v. 13, should be connected with 
&c.— Indrani prays that Vrsakapayi should allow Indra 
to share in the offerings of bulls and the Soma oblation 
that she receives (along with her lord). Vrsakapayi probably 
pays no heed but Indra magnanimously interposes in v. 
14 that he is satisfied witli only bulls (secondary offerings ?) 
and is content to go witliout the Soma (principal offering ?), 
But Indrani tries in v. 15 to induce a longing for the draught 
in Indra’s mind. In v. 16 she tries erotic inducements but 
is rebutted in the following verse. In despair, she 
approaches in v. 18 Vrsakapi himself but he too is 
impervious (v. 19) to her entreaties. Her case is wholly 
lost and she must have the good grace to show her.self 
reconciled to Vrsakapi (vv. 21, 22 or 20-22 below). 

Verse 20 .- — This verse is ascribed by all to Indra. 
At the mention in v. 19« of Vrsakapi’s motion through 
the firmament, Indra probably makes herci a complimentary 
referemre to that cosmic feat of the solar deity 

requires a gerund meaning 
‘ cros.sing (which) ’ or a particle meaning ‘ through (which) ’ 
to complete the sense and to connect it with the other 
half of the verse and I consider this supplying of the 
ellipsis simpler* and more natural than the construction 
put upon the verse; by my predec(;.ssors. Glriffith translates, 

“ I'he <lpsert plains and steep descents, how many leagues 
in length they spread ! Go to the nearest houses, go 
unto thine home, Vrsakapi. Supremo is Indra over all. ” 
He has but followed Ludwig and Grassmann. Ho thus 
annotates on the passage, “Vrsakapi appears to meditate 
flight into distant deserts to escape from the wrathful 
Indrani. Indra dissuades him, and promises to reconcile 
Indrani to him.” Is this not a far-fetched interpretation? 
There is no explicit or implicit reference to Vrsakapi’s 
flight for fear of Indrani in any of the previous verses. 
17 
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Why then this assumption of his flight ? Verse 18 has 
shown Indrani suggesting that Vrsakapi should receive 
an offering of animals, slauglitered and duly cooked. 
Probably an earlier verse (v. 13) contains her pleading 
to Vrsakapi’s wife. How can he then still fear her so 
.'IS to contemplate a flight to distant lands ? If it be 
said, that he has already left for those regions and is 
being coaxed now to return as he lias no angry mother 
(or step-mother) to meet now. tlie difllculty about Tndrani’s 
addres.s to Vrsakapayi in \'. 13 and her reference about 
Vrsakapi in v. 18 remain unaccountable. Verse 19 too, 
as coming from Vrs.akapi’s lips militates against such an 
assumption. But if the verse is to be ascribed to Indra, 
why should he waste words over what he does or does 
not when his favoui'ite ‘ son ’ has to be recalled from 
voluntary banishinent ? 'Po connect the two iialves of 
the verse Grassinnnn us<*s tlu' conjunction ‘ therefore ’ 
( ‘drum’ ). He consequently means that the speaker of 
V. 20 tries to impres.s on Vrsakapi the friglitful chai'iic- 

ter of the way he has cho,sen and asks him to leave 
it for a safer land, the land wliere he has his homo. 
But as Vrsakapi has chosen that region (if he has gone 
there at all) with full knowledge and on purpose — so as to 
remain safe from Indrani — ^^how (!an he be indiuted to leave it 
through fear ? We should expect instead mention of Tndranis 
present good-will or ^fi), the only possible inducement. 

I tlierefore supply ‘crossing which’ ot' ‘through which’ 
to connect thi; two halves of tlie verse. I have alreiidy 

i-efened to 1. 35.8 aj!) 

and mentioned that as a parallel to X 80.20 a,h 

and are common to both and if it means ‘steep 

regions’, as most inteipi-eters have understood the word, is 
the exact correspondent of (peaks*) in T. 35. 8 «. 

’The ‘eight peaks’ may be eight imaginary hills in the 
eight directions, whence the later meaning of as 
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The obvious conclusion from this correspondence is the 
solar character of Vrsakapi. Geldner^ has cited I. 35. 8 
as pfp'allel but has not realised its ne(iessaiy implication. 
If Indra spokti in v. 19, he asks Vrsakapi here only to 

return home after finishing his daily course through those 
deserts and peaks and leagues. But as Vrsakapi Avas more 
probably the speaker there, Indra noAV fondly dilates on 
the great distance his fa\'ourite ‘son’ has to traverse 

eveiyday, being reminded of it at its (ituddental) mention 
in V. 19 ( wwftr ). 

Sayana takes as ablative singular but 
it is better to follow the other interpreters in taking it 
as adjective to usually ineans in the Rgteda 

‘house’. But as is also mentioned here, I prefer to 

approximate to tlie later meaning of ‘setting’ — 

iff— ‘set and come down towards thy 
ncdiyas home.’ X. 89 is a very late hymn of the 

Rgveda and a closer connection with classical ustige may 
be expected here. Sayana and all European interpreters 
have rendered by ‘nearer’, but 1 have followed Tilak 

in giving it the meaning ''nether' (‘lower’) — a meaning 
for which he seems to have made :i strong ease*. The 
setting of the sun is apparently his going down and when 
he sets, he goes to the other part of the earth. Tlie 

gods were probably conceived as dAvelling there. To 
support this assumption of mine 1 may refer to 1. 35 

again — but this time to verses 9 and 7 of the hymn: 

^ ^ H ^ j 

gsftji: I g*i*: w 5faisi ii The 

former verse contains a riddle, which is repeated 

in the latter. reading the two verses together care- 

fully the solution of the riddle is easily obtained. Vei^se 

' Kommentar, p, 187. 

’Orion, ch. VII note on K. V. X. 86. 20. 
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<) declares that there are three heavens (=regions); of 
them, two arc the laps of Savitr and are therefore fully 
illumine<l by Inin. The one that is in the region of 
Yaina must needs be the third heaven. What is that? 
Verse 7 indicates the answer. We have in Hues a and h of 
this verse refoience to the sun’s haring traversed the firma- 
ment abovi* us; therefore moans ‘after that’, i.e. 

‘ after the sun has set’. The poet wants to be told 
where the sun shines after he disappears from human 
sight. Most (clearly the sun goes dwon after ho sets. 
The poet most pi’obahly lielieves that the .sun’s great lamp 
is not extinguished but shines below this earth*. 

The first tivo regions are therefore the earth and 

the heavon .ibove (between ivhich the sun moves) and 
the third is the world below this etuih. That is clearly 

the region of Yama. If it is the region of Yama, it is 
also the abode of the god.s for (X. 135.1) 

‘ Yama drinks with the gods’. 1 may mention here the 
Greek conception of Hades living below the earth and 
the departed heroes dwelling in l:)lis.s in his company. 

But I am not at all certain that Tilak’ is justified in 
localising the tliird ‘foot’ of Visnu too below our world. 
That the sun illumines Yama’s region may be an idea 
peculiar to tlie poet of K.V.I. 35 alone, for otherwise he 
would not have thrown out the riddle*. As when the 

' Dift'erontly, of course, A.itaroyu Bvahmana, 111. 44 : 

sniffliR t 

Rq^l5??RISqRflliT ^ ^ifif I 

iS Rl qR R apqiRR t| We have here neither an old idea 

ilor a oontemporary onv hnl only a dogmatic innovation in 
the usual Bmbmana style. 

^Arctic Home in the Vedas, p, 3i51. 

1 must not also be assumed to accept Tilak’a contention 
'•Arctic Home, cb. x. p. 308 ff.) ihat the Rgvedic Aryans knew 
the earth to be a globe. 



THE VRKAKAPl HYMN 


138 


sun sets here lie goes to dwell in the company of gods. 
Indva invites Vrsakapi to his presence saying : “Tlie 
deserts, and the steep descents and how many are the 

leagues thou hast to pass! Through them come down, Vrsa- 
kaiii, to thine home in lower realms.” ’Jff when masculine is 
used in the plural though the sense may reqiure the singular 
number. ther(;fore=%a(i'^r ^ 5 ^. This netluu' home 

is also the abode of Iridra (and Indrani). He; therefore 

calls bsick Vrsakapi t(> the common home aftei’ his day’s 
toil through all the iqqxir space'. Ho must have been 
highly satisfied at Vrsakapi’s not allowing hims(3lf to be 
caught in the trap set b}’’ Indrani (in 18).' 

iVbiic. — ^^All this on the supposition that India is the 
speaker of the verse. But it. may lie as well put in 

Indrani’s mouth. The only alteration that this would entail 
i.s that Indrani with a goo<l grace becoming (?) of a 

‘hero’s wife’ speaks here kind words of welcome to the 
[)erson she failed to injiu'e. No recalling from banish- 
ment neeil be thrust here (wen according to this new 

interpretation. 

Veive 2l — Geldner in the ‘Vedische Btudien’ ascribed 
this verse to Indra but in the Tigveda in Answahl’, 

he supposes that either Inrlra or IndriinT may be the 
speaker. (..Udenberg follows the latter view l)ut with some 
imcertiiinty. Griffith, Sadgurusisya and Siiyana make Indra 
the speakei', Durgacarya (on Nir. XII. 28) makes the 
impossible assumption that it (oraes from Vrsakapi’s lips 
(‘f«lT«^fi9»5’). Jjudwig supposes Vrsakapayi to be the 

speaker but what is the necessit}’^ fo)' <Iragging her in 
here? The verse is certainly in continuation of what has 
just gone before. If Indm was the speiiker there, we 

may natuially understand him to be the speaker here 

*This is of course on the assumption, to my mind the 
more justifiable, that Vrsakapi is the speaker in v. 19 and not 
Indra. 
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too ; jukI if Indrani was the speaker, it is she who is 
speaking now. is in the dual mini her; therefore 

two persons must lie undevstootl a.s its subjecti They 
may be India and Vrsakaj'i — meaning ‘we 
two shall arrange enjoyments for ourselves ’ ; or Indru and 
Jndrani (or Indrani and India), the .second person, though not 
actually .'.peaking, lieing mentally associated — ” 
now meaning ‘ we two shall arrange enjoyments for thee’. 
India and Indrani may also be direetly conceived as the 
.speakers of tins verse. I would, however, personally prefer to 
take Indrani to be tlie sole speaker in venses 2(b 21 and 22. 
The dual number in the verb of 2 lb will be ju,stified 
by the mental association of India, A better view, how- 
ever, may be that Indrani associates with herself not 
India but Vrsakapi’s wife Vrsakapiiyi, if, of course, such 
a person is referred to in v. 13. In any view, we havr; 
here Indrani thoroughly reconciled to Vrsakapi. gives 

a mere repetition of in the [irevious verse, ^f^at 

(asgFgfTim) is the opposite of As it is in the 

plural I have rendered it into English liy ‘blesseil en- 
joyments’ instead of f)y ‘welfare’ that would have suited 
in the singular. refer to understood in 

the first lumiistich. “ Y.Mska renders by ‘ destioyer 

of sleep’. He writes “ But 1 

have already pointed out that may hav<* been as 

well formed from vna>i ‘to attain’; ‘bringer of sleep’ 
would tlien be the mc.-ming of the compouml. ’I’he deriva- 
tion and the meaning |)ropo.sed by Yaska and followed by 
8ayana (and (leldner) may also suit the context. The 
construction will be a little difterent in the trvo cases, 
in V. 20 and in 21a could be easily taken, 

by themselves, to mean ‘ come back to us, Vr6aka.pi, who hast 
fled away for fear of Indian!’ as some of my predecessors 
have done. But “*i makes tliis meaning 

impossible : ‘ come again, thou, who comest home again’ 
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gives absolutely no sense, if we suppose that Vrsakapi 
has fled away for only once. But if we suppose that 

Vrsakapi is being requested to return homo as he does 
every day, no difficulty arises at all. I therefore take 

gw: to moan ‘ who comest liome again and again 
b)'^ thine olden path’. The beaten track of the .sun is 
frequently referred to ; c/. ^ q g#WT 

« arnsjf ^isr qri^n: wnvft w sr> wtw w 3% tw ii E. V. 
1. 35. 11. If w?i»T is from v ^*5 ‘ to disappear’, the meaning 
lor the second herni.stich would be “Thou, killer of sleep 

(i.e. rouser of men from sleep), who comest home again and 
again (everyday) (after finishing thy day’s jouine}’ through the 
upper spaces).” If it is from V siw ‘to reach’, we would 
liaA% “ Thou, who, bringing in sleep {t.e. laying down 

cj-eatiu'es to rest — cf. w’ I. -35. 2b) comest 

home again and again (everyday).’’ 1 consider botli these 
interpretation.s possible but the .second more natural. 

Fer.se £2 — Sadgunisisya and !5.ayana makt^ Indra 
I lie speaker ol’ this verse. But as we have in the 
vocative in the second line be c;amiot fie the speakei’ 

liei-e. Oeldner suppo.ses that the writei- (^fw: ‘ seer ’) 

of the hymn is the speaker. ’Phis is (piite possible l)ut 
is not altogethe)' certain. Another plausible view is that 
of Durgaciirya, followed l»y Griffith .ind with some uncer- 
tainty by (lldenberg, oiz., that it come.< from Indrani. 
Siiyana has given this as ati .ilteinative explanation. 

Durgaeatya and Sayana, liowever, make and 

refer to the same ]>erson (Vrsakapi). But how is 
that possible? is paniphrased by Yaska(?) 

in Nir. XIII. 3 as wanww. But the termination is 
certainly that of the active (<???*i»T^) plural (in the second 
person and plu-peifect ten.se). We cannot therefore refer 
it to one person. We have the plural number in Sans- 
krit when we have more than two persons. But in the 
present case only two persons have been addressed in 
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the voeative, Vrsakapi and Indra. We should therefore 
rake wslosasr to be an irregular* plural for the dual. 
Gleldner’s statement’ that the plural is used because 
there are four persons is open to the objection that 

Indraui and Vrsakapa}^ have not been addressed here, 
along with Tndra and Vr^akapi. The olrjection is, however, 
not a serious one ; for if [ndrnni can mentally associate 
Vrsakapayi with hej’self in v. 21, rho seer- of the hymn 
{who is tile speaker of v. 22 according to Geldner) 
can certainly associate in mind Indran! with Indra and 
Vrsakapayi with Vrsakapi. Diirgacarya explains 

as in tlie singular number Imt Sayana more sensibly 
takes it to be in the plural. Here too we must either 
understand tJie dual number or make the word adjective 

to Tndra, Vrsakapi and their respective wives. 

In the previous ver.se Vrsakapi has been welcomed 
back by Indran! (or Tndra) to their common home. 
should therefore mean ‘who were in the upper heavens’ 

After Vrsakapi and Indra reach their home, which 
is below the earth*, tlie earth becomes enveloped in 
darkness. Hence the poet* asks what then becomes of 
that ‘drea«l beast’ who was so long roaming about the 

Urmament. I would again refer to 1. 3.5 (verse 7 : 

daiH It). For I have already cited 

the parallel I. 1.542/.> n (said, it should 

be remembered, about Visnu=Sun). This verse very 
conclusively establishes that Vrsakapi is the Sun. Durg.a- 
carya’s words on the verse deserve quotation here:. 

'For M som(*\vhat similar irro^alarity, r, /. 
in R.V.X. 8.’>.47A 

*Kommentai\ v>. 187. 

^Tliis pi'obably militates axainsi (leldnor’a vic^w for cer- 
tainly Inrlraoi and Vrt'^kapayl had not gone ont of the ‘house’. 

**800 above on pp. 130-lf{2. 

'Accepting of course Creldner’s view that both 22 and 
23 are spoken by the author. 
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spif’ sr^RT^f: sT?%«ff 

‘WHnfHR’ ff ^ 5fm^5T^ 

jT^^fTT^j, fr^^RWRi. ‘’a^fJrPsrnrirPcTST’ I 

^ ’255*1*1^ ^m^SRr 5?r5Rt* 

^?T: 55^% ^:’ ” (on Nir. Xin.3). 1 have no 

alteration to suggest excepting the substitution of tiie dual 
or plural number for the singular in etc. The meaning of 
has been already discussed. Durga renders 

by MRdifR: and Sayana by ?)-f^r. To delude’ 

is also the meaning of the root according to Panini. 
Grassmann renders ^^sr^rqrR: by ‘tormentor of people’, 
Ludwig by ‘obstructor of people’, Griffith by ‘who troubles 
people’, but Geldner following Durgiicarya. by ‘misleader 
of people’. I cannot suggest any rendering mth certainty 
but 1 tentativGy piepose ‘clmrmer of peopk;’. 

Veri^e 23 — ^'fliis verso has be(*n ascribed by Sad- 
gui'usisya and Sayana to Vrsakapi and by Ludwng to 
Vrsakapayl. Griffith make.s Indrani the speaker. Oldenberg 
suggests with some doubt that either India or Vrsakapi 
spoke this verse. But I have little hesitation in rejecting 
all these ^dew's and taking the author of the hymn 
to be the speaker here. 1 do not however stand alone 
but I. have the support of Professor Geldner*. T'he 
verso has all the appearance of an author’s personal 
I'emarks at the conclusion of a poem and 1 therefore 
understand it to contain the writer’s own words about, 
her® own self. The third person constitutes no difficulty 
for Rgvedic poets have referred h) themselves as often in 
the third person as in tlie first; if. 1. 85T1, VII. 

.‘13.6 &c., I differ here from Professor Geldner only 

in the view* that the author speaks about Vrsakapayi. 

‘This should tnako the author speaker here. 

■'Vedische Stndieri, II. .‘58. 

’That the author is a lady will bo shown now. 

‘Vedische Stndien II. 42, 


18 
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We often find authors of Rgvodie hymns giving 

their names in the concluding verses; cf. III. 62.18. 

The name of our author seems to l>e Parhi Mdfiaol : 
it is then a lady who has been pleading so cleverly 
for the worship of Vrsakapi the sun. ‘ Manavi ’ can 
mean ‘ Manus daughter ’ but the more likely meaning 

would be here, as usually, ‘the woman’ or ‘the human 

wife’.’ Geldner’ refers to Taittiriva Brahmana III. 

2. 2. 2 for ‘ Parsu Manavi ’ but the reference is without 
any point. The passage is a Brdhrnajia on the Mantras 
(in Taittiiiya Samhit-a I. 1. 2) in connection with ahvaparm- 
dhdrana. For 

in the Mantra we have the Brdhmanct 
I I I ngitr 

wfs I *1^: twstTftaT ii” Here is an 

attempt at explaining in the Mantra. It should 

be noted that the word ‘tg::, does not occur in the 
formula. It is (vedi?) which has been called 

in the Mantra ; but has been dragged in by 

the Brahmana. The t)nly thing that th(i Brahmana 
passage proves is that its author tvas acquainted with 
our hymn aial trial to interpret the Mantra with words 
taken from the Rgveda. It is uunecessary to labour the 
point further, for Professor Geldner has not himself paid 
any serious heed to the ’J\uttiriya passage in the 
rendering of K. V. 86. 23«^. 

In Farm Manavi, ‘ .Manavi ’ can hardly be the 

personal name. ' Parsu ’ alone can be the name of the 
writer. But gotra. names are so often used in Vedic 
literature instead of personal names, that we cannot be 

sure tliat we have not a gotra or a clan name here. 

'Grassniami (Uobcisctzuny TT, 4JS6) raiders “ Das raenschliclie 
Weib, Pariju niit Namen,” 

’Vedische Studien II, 42, Koinmentav, 187. 

Of. Vedischc Studien, II, 28, Glossar, 107, 135. 
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li it is a gotra or a elan name, the connection with 

Persia naturally suggests itself to one’s mind. Ludwdg* 
and ^ Weber* believe that the word ‘Parin’ has been 

used in the Rgveda in the sense of Persians. Zimmer* 
has rejected tlie vicov but there is neithej* any inherent 
improbability in it nor any cogent ground against it. 
Professors Macdonell and Keith, who seem to follow 
Zimmer, had to say at least, “ At rnost the only 
conclusion to be drawn is that the Indians and Iranians 
were early eonne(5ted, as was of cour.se the ease”.* 
It is certain that Ludwdg’s interpretation of X. 33.2 

^ jiwr 

h” is impossible ; wsr: here must moan ‘ ribs,’ 

‘ sides ’. In VIl. 83. I ‘ mm najsst; 

; I w f gT 5rifn^tf% 'ar ii” 

too Parthians and Persians ai’o not refern^l to. Still, 

there is at least one passage in the Rgveda, viz., VIII. 

6.46, where ‘ Pdrhc ’ does not mean ‘ rib ’ but is a name, 
fn X. 86.23 too ‘P^rsu’ is certainly a name. But a 

woman (cannot bear the same name as can be given to 
a man. We have therefore a family name or a clan 

name here and not a personal name. Zimmer* says 
“ Parsu as a proper name is not at all so rare in 

Sanskrit that at its occurrence the distant Iranian 
race must be suggested at once.” ft is true that 
Panini* mentions the Parsus but they are a tribe 
of mercenary or fighting people^. The Perses are found 

' Mantralitteratuv (Der Rigveda, iibersetzt, III) HS. 

’‘See Macdonell and Keith’s Vedic Index, I, 504. 

'Altindisches Leben, pp. 13.5 138. 

Wedic Index, I, .505. 

’.Altindisches Leben, 137. ^ 

"V. 3. 117 

’Compare Panini v. 3.114. 

?T5Rn ” 
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oallwl Par6ns or Pa-ar-siis in the Babylonian inpcriptions ^ 
and they were («rt.ainly a warlike [Xiople who taught 
their sons “to ride, to dmw the bow and to speak the 
(ruth”*. Cannot PSnini’s Parsiis bo eonnected with these 
people? Some of the other names in the (jjanapatha 
under the Parsviidi (tlass .seem to be of foreign tribes 
and the Parsa.s may liave been peoples of Iran or living 
on the outskirts of India proper in Panini’s time but 
there i.s nothing to show that tlie Parsu individuals 
mentionwl in tlio Rgveda are foreignei’S. On the con- 
trary, R. V. VIII. 6.46 proves that the Parsu people were ori- 
ginally identie.al witli or formed a setition of the Yadvas=the 
Yadavas who were one of tht; five tribes of the Vedic Aryans. 

This hymn is addre.ssed to Inchvi and concludes 
with a trea containing, according to the Anukramani, 
danastuii of Tirindira Parasavya. d'he three verses are; 
wuw? • fivfr% ii ii 

ii ii 

I waw il 1 ^ 1 n Grilfith translates 46 as 

“A hundred thousand have I gained from Parsu, from 
Tirindira. And presents of tlie Yadviis.” He makes ’Tirindira’ 
and ‘Parsu’ refer to the same person. Hut liis treatment 
of si!r?t9 and is impos.sible. The separation of 
from by and and the balancing of 

by ‘???^* mi* show that and are two 

distinct objects of ami is not the adjective of 

Wo shoukl therefore translate with Grassmann, 
“Presents of the Yadus I have received, a hundred from 
Tirindira, a thousand from Parsu. This might suggest that 
Tirindira and Parsu must be two different individuals 
and Professors Maedonell and Keith* have taken this 
view. But this is not at all necessary. In the following 

’See the Babylonian text (in Weissbach) of Darius Bisu- 
tun, Do. Persepolis and Nakslei-Rustum. 

* Herodotus I. 136. 

’Vedic Index I., 310. 
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ver.se some people (‘ the same Yadvas ? ’) are praised 
ff»r a gill to Paji'ti Baman of three hundred horses 
and teu thousand eows ; both liorse.s and cows (though 
different in number) come from the sanui source. We 
may similarly interpret the previous vers(i as moaning 
that one donor gave to our poet (Vatsa Kanva.) a hun- 
<lred heads of one speciies (horses) and a thou.sand of 
another (cows). Tirindira and Parsii may be thus iden- 
tified. The separate mention of the two names need only 
suggest that Tirindira is the personal name and Par4ii 
the family or clan name, Tt may not be necessarj^ 
therefore to reject wdth Macdonell and Keith* the stalement 
of the Sahkhayana Srauta Sutra (XVI. 11.20) and of the 
Sarvanukrama of Katyayana (on R. V. VIII. 6, Macdonell’s 
edition, p. 28) that Tirindira. was Parasavya (' de.s(endant of 
Parsu ’.) Whether we may make Tirindira a Parsu or 
not umst be connected (in sen.se) witli both 

and We have therefoie a Parsu or the Parens 

as Yadava. Sayana, to be sure, proposes a.s an alterna- 
tive interpretation that Parsu l^rindira snatched away the 
wealth of the Yadavas and gave of it to our poet but 
probability goe,s against him. There is no nominative in 
verse 47 ; to suit the phu-al verb we must bring in 
the nearest substantive in plural and that is certainly 
at tlie end of the previous verse — it is probaldy 
the munificence of the Yadus ’which is being extolled in 
v(.Tse 47. Tirimlira Parsu (or say Tirindira and Par^u) 
eulogised in v. 4fi cannot therefore be the enemy (or 
enemies) of the self-same Yadus. These Yadavas formed 
an ancient Tndo-Aryan tribe, mentioned throughout the 
Rgveda, This should make the Parsus - Parses a section 
of the Indian community. Professors Maedonell and Keith 
have admitted*, “Yadu princes must be meant by 

‘Vedic Index II. 310 and ,504. 

’Vedic Index I. 310-311. 
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Tirindira and Parin’’. If one Par4u is a Yadava, why cannot 

another (say, the author of R. V. X. 86) belong to the 

same race? I do not see wliy we should not derive the 

<* 

Perses of Iran froni the Yadavas of India. 

Tlu^ concluding \'erse of the hymn extolls tlie gift of 
one individual, l)(K?auHO ^5? are in the 

singular nunil>er. nieans a pre-eminent o(‘ excellent 

aniinaP in R.V.I. 46. 8. 1. 181. o, 1. 184. 8, IV 44.2, V. 78. 7 
and V. 75.4 and the teian ha.s been applied to the Maruts in 
Tl. 34.11, to Visnu in ITT. 54.14, to Tndra in VITI. 4.5.14 and 
to tlie Soma juice iri IX. 67.8. The word should therefoie 
mean here ‘the great one’. Grassmann in his Dictiona- 
ry (309) puts down the word in VIII. 6.48 as 

meaning ‘a prominent animal of tlie yoke’ (‘ hervorragondes 
Zugthier’) but in his translation (I, 558) he corrected 
himself to ‘ great one ’ (Der grosse ). I’liat great one, 
eulogised as having mounted up to heaven by the very 
giving of mtras* yoked in four (to our poet?) should be, 
according to the context, the same person whose muni- 
ficena? our poet has set out to immortalise. That person 
is certainly mentioned in the first verse (no. 46) of the 
tract. We should therefore read in that verse I’eference 
to only one individual. * Parsu is thus a family or clan 
name of Tirindira. A verb has to ho supplied in line c 
of verse 48 and that should lie in line a. Verse 

48 should be translated thus : “The great one has mounted 
up to heaven by the giving of camels yoked in four and 
has attained in fame the (entire) Yadu host.”^ The last 

'Or a prominent or humped animal, say a camel or a 
hamper! bull. 

‘ Cannds ; the usual European rendering is ‘ buffaloes ’. 
.See Vedic index I, p. 104. 

"Because ^^5: is in the singular. 

4 have little hesitation in Betting aside Grassmann’s 
emendation (ttberaetzung, p. .5.58) of into <$9^. 
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portion may be easily taken to mean ‘has distinguished 
himself most among the Yadus’, a sense which would veiy 
vvell acijord with the context. Here too there is no indi- 
(uitiou of rivalry or enmity^ between the patron of the 
poet and the Yadavas. The greatest objection against 
taking the V'adavas mentioned in VIII. G.4G and 48 as 


inimical to Vatsa Kanva’s patron Tirindira 


Parsu (or Tir- 


indira and Parsu) is the fact that the Kanvas are the 


of tJie Yadus •, c.f. R.V. I. 36.18, VIIT. 4.7, VIII. 
7.18, VIIT. 9.J.4, VITI. 10..5, VIII, 45.27. Btiyana’s alternative 
explanation of ver.se 46 rnay therefore be .safely set aside, 
r do not want to deny that some slight rlistinction is 
made between I’inrulira Parsu and the Yadavas but that 


is easily explained by taking the prince to belong to a 
•hstinct dan <;>f tlie Yadu race. 


R.V^. V.TI1. 6.46-48 i.s not tlie only passage which 
suggests the Parsus=the Per.ses to be a section of the 
V'adavas, The word ^Yddoa' oticurs four times in lh(.‘ 
Rgveda, in VOL 6.46 and VIII. 6.48, quoted above, in 
VII. 19.8 (by the side of “Tnrvasam) and in VITI. 1.31. 
Hymn VUl. 1 contains in verse.s 1-29 praise of Tndra and 
in tin* following, 4 verses a ddmistvti. The four verses 
are i Jr?«h 

qTW!3?n ii ii wr 

t f<s ii It 

II ^^11 grqlfiitftT ^ ^qrm: i 

^ ll ii Verses 30 and 

31 anj to be taken together, othervvi.se in 31 a cannot be 
pi’ojxirly construtd and the .sense of .31 remains incom- 
plete and (‘and’) in line c becomes meaningless. Besides 
the liberal patrons enumerated in ver.se 30, we have im- 
doubtedly another such name in 31 c/L That patron is 
*it cr^:‘ vvho is Yadva^asw ‘< 55 :’ Sayana renders 

as ‘rich in cattle’. But no grammatictd justification 
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can be found for this explanation. Neither is it 
intelligible how a ixy.son wlio is a descendant of the Yadn 
race and who knows about priceless treasures and seems 
to be a libei’al donor too can Ixi called a 'IS ‘a beast’ 
Mr. Griffith, who rendered the second hemistich of the verse 
by “For skilled is Yadu’s son in dealing precious wealth, 
he who is rich in herds of kine,” felt the difficulty. We 
therefore read in his notes, "puMuJi which appears to be 
in apposition with Yadvah is hardly intelligible here. 
Sayana explains it jus pa'mman, having beasts or cattle, 
or as a derivatiA'e of pak, to see, and meaning one who 
sees w'hat -is subtile, draa/iid. Neither of these 
explanations has anything but Sayana’s name to recommend 
it, but 1 adopt the former as a make-shift.” I need hardly 
comment on Sayana’s alterjiative (‘.xplanation. Grassmann 
renders by ‘every man of the Yadurace’ 

but he feels c,onstrained to put a querry msu’k after ‘ jeder 
Mann ’. This sliows that he too cannot tackle th(i passage. 
(Trelduer (Konrmentar 121-2) writes, “c Idrs-am dha- 
nam cikMati 1 dmhgo dattim jdndii S. But ’ 

the subject is more likely pmvh in d, that cattle which the 
Purohita. has received from the Yadn king in addition to 
horse and carriage”. Oldenberg in his ligveda, text 
kritische imd exegetische Noten (Vol. II, p. 74) refers to this 
interpretation of Geldner but makes the pertinent remai’k 
“It seems to me that the verb governs in typical manner 
a noun in the genitive (c. f. on both V. 78.0; VI o'J.o) and 
has for its sut)ject the patron”. Oldenberg himself leans 
to Ludwig’s rendering, which is “ While I through faith 
of the desired (Indra’s ‘?) horse yoked it to the car, then 
he thinks also of the beautiful treasure, which is the cattle 

' The ‘ aber ’ seeius utjsjiistiiiable. Sayana identifies the 
Vadva paiu with Asahga and it ig 711? that he takes as the 
Ki-ammatical subject of f^®% 
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of the Yadaviu” ‘ Against tlie rendering of the second 
half I may say tliat in the two other (VII. 19.8, VIEI. 6.46) 
passage,s whore the word has Ixjen usoil we have it 
in connection with persons and not animals and it is 
doubtful if there is any other oertiiin use of a similar 
adjective for an animal. I therefore feel inclined to take 
hei’e as the name of a person. Tlie nearest equi- 
valent that I can think of is qg! There is difference in 
accent, to be sure, in addition to tlie want of a repha 
but the word '' pm n ' meaning cattle is at least known to 
have been accented in two ways, either on the first syllable 
or on the second. May we not therefore take the 
in VIII. 1.31 to be a variant for which was, as I have 
shown above, a family or a clan name ? If this suggestion 
cjin be acjceptetl, the connection between the Parsus 
(=Perses) and the Yadavas suggested by VIII. 6.46 

receives a confiimation. 

I therefore consider die Persians of Iran to be the 
Parsus, a section of the Yadavas of India, who migrated 
from this land in post-Rgvedic times. Panini’s Par4us 
may have been, as I have already said, Iranian Persians ; 
but they could also be such descendants of the old Yadava 
Parsus as iniglit still be in India for the Satvats, an 
undoubted Indian tribe, belonged, aiicording to the Ganapatha 
as vve have it to the class (Pii. V. 3. 117). The 

Baudhayana Srauta yutra (XVIII. 44) makes the Parsus* 

'Ludwig, Del- Rgveda, 11, 171, “ VVoil icti voviudga dcs 
glanbens des verlangondcn [Indra’s ? J rosse an den wagen 
brachte, 1 da denkt er uuch an das schbne trcfliche, was tlas vieh 
des Yadava ”. 

"Can the loss ot the repha las accounted for l>y the 
shifting of the accent to the following syllable h 

• Caland in his “hber das Kituelle Sutra des Baudhayana” 
(p. 36)40iYes the name as SpKiriu but he puts a querry mark 
after it. jSln his Bibliotheca Indica edition of the text (p. 3117) 
too h^.airiuts the name as &'pa?’^aralt. The Yedic Index (II, 489, 
artiolfe ■ ^par4u’) but follows Caland’s statement in the pamphlets 
“iiber das &c.,’’ But the s most obviously belongs to the preceding 
19 
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along with the Gandharis and the Arattas, descendants of 
LTi'va4l and Purin'avas, settled in the west. These Par6us 
may well be a section of the Yadavas who in Epic and 
Puranic times were settled in the west of India. So when 
Zimmer ‘ objects that the Parasavas were a people to the 
south-west of the Madliyadcsa, I cannot believe that the con- 
nection of the Iranian Persians with them is made impossible ; 
for we can think that the Parsus (^Perses) were originally 
Indians (a. community of the Yadavas) and migrated to 
Iran from India in later times. As regards Manu’s ’ 
derivation of the Parasavas from a fusion of Brahmin males 
with Sudj-a females, referred to l>y Zimmer, is it necessary 
to pay any serious attention to the fictions about the 
origins of tlie mixed (?) castes indulged in by these 
catuirvarnya theorists ? 

When I say that the Persians may have originally 
migrated from Indiii, I do not foi‘ a moment want to 
suggest that the whole Aryan population of Iran was 
derived from that soiu'ce. The Medians may have come 
from the same place from which came the Indo- Aryans 
themselves, lliere is, so far as I can understand now, no 

word (Jandharaifah and is tUe sand/ri substitute for the 
V isarjanli/a ; Pfir^avali niust therefore be the spelling of the 

second name. The passage runs as “HT tUrvasi) 

sTHqf I HI ti^i^H^ Htnigi'TO 5% I mmg: 

smi5i HHian 1 siRi^HHigig: 

nt!=«rTi«Ifq^^s?Tff fl^cigtreRIHStH ll 'rhe slateiiKait of the 

Buiidhriyana Pi-aiiUi 8iTtra dot's not umke tb(^ Parsus Yadavas, if 
wo )}iusf follow tlio Piir;lnic genealogies according to which Yadu 
was descended from Ayu, whereas accoi’ding to Baudhayana 
the Gandharis, the Parsus and the Arattas are descended from 
Amavasu, lirotlier of Ayu. But the testimony of the Punlnas is 
by no means uninipeachahle. In any case, the B. S. S. does make 
the Parsus (:= Persians :) descended from old Indo- Aryan families, 

* Altindisches Lebeii, 137. 
f IX, 178. 



THE VRSAKAPI HYMN 


147 


historicar difficulty in deriving the Perses alone from India 
and in almost historical times. The Perses are not mentioned 
in Bal)ylonian or Assyrian inscriptions till the 8th century 
B. 0.,* whereas the Modes remve this mention as early as 
the 28th centuary B.C.^. 'I’liis may simply due to 
the Persians and the Medians having entered Iran from 
different places and in diflRjrent ages. Further discussion of 
the question in the light of ascertained fticts will be out of 
place here and I must reserve that for a later treatment.* 

After this long (but newssary) digi’ession, let us see 
what the Par^ii lady has got to say about herself in X. 86. 28. 
She says that she has produced twenty cliildren at one birth 
and that though her burden had caused her pain, it is good 
that has come out of it. What (!an this mean ? Giving birth 
to twenty children all at onc!e is humanly impossible, for two 
is the maximum number a human mother can bring forth at 
one time. We must therefore search for some mystic meaning 
here. This wo are fully entitletl to do for there is plenty of 
mysticism in the extant Vedic text of this period. I may only 
mention here R. V. 1. 104. Now, what has gone before has 
made it abundantly clear that the writer of the hymn is a 
champion of the worship of Vrsakapi. She may therefore be 

Vl shall not touch here the linjiuistic side of the qiK'Stion. 

See F. Homrael, {teographio and Gescliichtc des alten 
Orients Part 1, p. 197, IlaJl’s Ancient History of the Near East 
and Ragozin's Media, p. 274. Rot there is a dilferencc of opinion 
among scholars as to whether Parsna (near the Zagros) mentioned 
in the annals of Sargon II was inhabited by th(i Perses ; see 
tMnard Meyer in Encyclopaedia Britannica (llth edition), XXI, 
253. If Meyer is right, the earliest iirscriptional mention of the 
Persians would be in the time of Cyrus (6th century B. C.) 

*E, Forrer, in Z. D. M. 6., New Series, Yol. I, p. 247, 
P. Giles has followed him in Cambridge Ancient History, Vol. 
n (p. 15) recently published. 

*I may, however, mention here that it is i)ossible that when 
after the demise of Kr^na there was a disperson of the surviving 
Yddavas, some of the Yadava tribes migrated outside India. The 
Parrius may have now found their way to Iran. Compare Visnu- 
purana V ch. .3)5, vv. 5-34, particularly vv. 12-28 where it is described 
how Krsna’s seraglio was attacked and carried away by Abblras in 
the Panjab. 
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conceived as occupying the same positition in this worship as 
that of Indrani in the case of Indra’s worship : she may 
liave looked upon herself as the human spouse of Vysakapi 
(the sun). Vr^wi often means in the Rgvfida, as I have 
pointed out above, ‘potent' ‘ saturating ‘ ^pi’egnating’*. 
Vrsdkapt is formed from this word. Our potent Vrsakapi 
would certainly make his earthly spouse fraitful, so 
much so that 20 children could issue at one birth. We 
can now guess Avhat animal this god has been conceived 
as. Tt is the sow which can give birth to such a 
large number of children in one conception. If Par^u 
Manavi conceives herself as a sow her Divine Lord would 
be the Boar. This certainly suits our hymn. The dog 
or the hunter that Indrani threatened to let loose at 
Vrsakapi in v. 4 above has been called ‘ hunter 

of the boar therefore its (or liis) victim would be a 
boar. A boar can certainly be called a dread (or vora- 
cious) animal (v. 22c). => ‘ t.'iwny-coloured ’ constitutes 

no difficulty, for a tawny-coloured boar is not an im- 
possibility.* Gods have been likened to boars in the 
Rgveda. In IX. 97.7 Soma has been called a Vardha. 
In X. 67.7 5 f^ I 

the Maruts have been 

called ‘ strong (or potent) boars.’ The combination of 

with should be particularly noted. In I. 

114.5 <fec. ”, said about Rudra, 

the character of a vurdha and the inddy colour have 
been combined in one individual. The name has 

been given to the Maruts in I. 88.5 and to Vrtra 
in I. 121.11. It is possible that the sun has l)een meant 
by in X 28.4. I can therefore feel little hesita- 

tion in understanding Vrsakapi to be poetically conceived 

‘Compare II. 35.13. « 1 etc. 

*I knew of such an animal, possessed by our college 
Mahiar at Rangpur. 



THE VRSAKAPI HYMN 


149 


not as an ape but as a boar. Tlie Veclic sun god Visnu 
has been described in the later Puranas as having taken 
the incarnation ol a boar. For the Vedic source of this 
legend, I may simply refer my i-eaders to Macdonell’s 

Wlic Mythology, pp. 41 and 151. 

If the Parsu lady looks upon herself as the spouse 
of the Divine Boar, we have a Ciise of (dem- eroUc 
myMsm. i now draw the attention of my readers to 

two facts that we have discovered (1) the solar chai-acter 

of the object of this erotic worship and (2) the \ ildava 
nationality of the Parous (and therefore of our poetess 
who lent herself to this sort of worship). We know 
that Krsna the Yadava hero was in later times identiBed 
with the' old Sun-god Visnu and that an erotic cull 

grow up around his Bgui-e. On the former point we 
have sufficient light already and Dr. Hemchandra Roy 
Chaudhuri has brought together in his Early History of 
the Vaisnava sect (Lecture I) all the available evidence 
on the point. But how or whence the erotic mysticism 
Ciime in was as yet obscure. The Vrsakapi hymn as 
we have how understood it, may tlu-ow much light on 
the problem. We have in this liymri a clear instance 
of the erotic worship of the sun. It is with this sun 
(Visnu) that Krsna was identified and the erotic cult may 
well have come from the same source from which ctime 
Krsna’s connection with the ‘cows’ (go— vtiys of the sun 
or waters ?) and the other solar phenomena of the 

human god. 

Now one may legitimately object that such far- 
reaching conclusions should not be drawn from a single 
passage. But I reply that I have proceeded on parallels 
and I recount them here. As regards the clash between 
two cults or the pleading for a particular god, 1 may 

refer to R V. I. 165 and IV. 42, two early hymns, 

and I, 170, a hymn of about the same age as 
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X. 80 \ R. V. TV. 42 describes a contest between 
Varuna and Indra. as to who is superior. The author 

prudently decides in favour of both (vv. t) aiid 10) 

but there arc sufficient indication.s of a. personal leaning 
towards Indra (cf. v. 8)* In. T. I Go we have a 

quarrel between Indra and the Maruts who are his 

allies in the fight with Vrtra. The hymn “ appeal’s to 
be, as Wilson observes, a \’indication of the separate, or 
at least preferential worship of Indra, without comprehend- 
ing at the same time, as a matter of course, the adora- 
tion of the Maruts Indra and the Maruts have 

contendetl for the superior position but the latter had 
finally to yield to the former. I. 170 which is ascribed 
to the same Agastya but is probably by a later Ixand 

(a descendant of Agastya?) shows Agastya pleading to 

Indra tor allowing him to worship (with impunity) 
Indi’a’s friendly host, the Maruts. In R. V. X. 124 too 

we have probably a preference shown to Indra over 
Vu’una. In the light of these passages we may safely 
read in X. 80 an apology for tlie preferential worship 
of the Sun-god, but to the exclusion this time of the 
natiomd god Indra. We know that India lost his glory 

in later times and his place was occupied by Visnu 

and the otlier Puranic gods. R, V. X. 86 shows a 

transition to this. Indra is still the national god here 

and that necessitated the diplomatic language of Vrsakapi’s 
apologist. The sun was worshipped by the Aiyans in 
various forms even in the earliest times but its pro- 
minence was a late phenomenon. The transition can be 
easily marked but this would not be a proper place for 
such an attempt We have in X. 86 the sun-worship 

'See Arnold’s Vedic Metre pp. 273,276 and 287. 

*This would remined us of Bloomfield’s plausible view 
about the position of Varuna in the Rgvedic age. 

’Griffith, Hymns of the Rgveda, 3nd Edn. I. 228n. 
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not only given a prominence but possessing an exclusive 
character too. Of course the a)nditions of the time 
required that tlie neAv cult should be sanctioned by 
Tndra. 

For the erotic mysticism my chi(jf parallel would be 
VIII. 80 (Max Mullei’’s VIII . 01). As this hymn is 
veiy important from my point of view, I shall quote it 
in full and then tliscuss the pertinent poitions. The 
hymn runs as 

gfti ?9T gjtl li i it 

«rf sart •infe i 

:(T^q qF«qr^ ii ^ n 

ffHtfn ?rtfi!r j i 

^ ii Ar n 
^ *ri sir f HS# 1 I 
’sralf aqw m, ^ ii ^ ii 

^ i(«iw I 

WliJIWPff fil'sqfsq^qd: II « II 

The following legend has been told by feayaua in 
connection of this hymn:— S?i wfsgrtT wqisrr 

H?ft «ra 1?^ fw^f^ w?rf qftww 
i Asr 

aqi Jtwinwqt i ht g?r 

«i?^r qf5r troiqr** ’J? jrwrn^gsqft hM ti 'siqn^f i 

^5*Hq4iir3ira inwitf hw ri^nfl- 

s^tsir: HHi»i«qc < «nr*iw mgqt^ %H?r > ot 

5in|;l qnquSwmqi ifF i ?n0C^»> 

*t g srrsqif I wt ingtB i 

hi sswHsftg I w g ^mqiqro gf qs sifir 
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wranffar i 

^(irf?BsiT%*rmfln «r;rruB ?m(w5^flr *1 snsiifJr Rrf^ 

^fBin# afJTiB Burner urur 

f^faarar bii?^ i ^lu ?wmnBi^?jfr«i ^ ai#: era: ot#: 

%jr qftaitflt I eru ^luf^rar aw wrar i?a rrerfir^ef ^^uuqie^ 

era b% ra»eihie[v uaf qftsrwf Beft ^iren 

BUTsjTuigeKraTftrP^aif raiafif i wira^ a^ bt 

aiB^vua I uu fifg: %e't Ona^'er a?^w ^ »K3i%%a bu girwra- 
»5aifir tBrsarif^:3a!rf^ ff^eg^i af?<i^e:ftaat B^fcW- 
qfia =a u>5!Tf^g« frar *taBTrera»^'hprftfTBa WBzar 

guar a <?at firar? f^sraa i aan: ^(^farar: ?a^ Baair fit^ftai 
Wtar geftai i aa ?»?«rB’BqT®t q^aBWieaaBBeH^et- 

Rrf Bar u 

/ 

Siiyaiia says that, hia authority is tlie Satyayana 
Brahmana wliich ho has quoted fi’om in the course of 

his comments on tlie different verses. It seems that 
Bayana has freely drawn on liis i)uagination in supple- 
menting the shitements in that Brahmana. The Brahmana 
stoiy is somewhat shorter. Saunaka in his Brhaddevta 
(VI. 99-107 Macidonell’s Edition) gives a similar story. 

[ do not give any translation of the hymn as 

none is needed. Beside.'*, Sayana’s full note will be 

found suflieient to remove all ch’fficulties. But his absurdities 
will requiiH^ to be pointed out and discussed. Sayana 
makes her a married woman but neither the Siityayana 
Brahmana nor the Brhaddevata suggests any such thing. 
We have in tiie hymn itself explicit statement (in v. 1) 

that Apala Avas a ^Brt = a virgin. Sayana’s supposition, 
as Oldenberg rightly points out*, is due to his mis- 
understanding of the word u%f|[^: in v. 4. Sayana 
renders it by U3II fItHi :, but the accent is that of a Tat- 
[)uruBa compound and not of a Baliuviihi. Therefore 
‘ haters of husbands ’ should bo it.s retd meaning. Apala 


‘Rgveda, textkrilische iind exegetische Noten II, 142. 
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is a virgin and lives in her father’s house, because 
where else would a maid live ? Hence her solicitations 
for hair on her dear father’s head and for crops in Ids 
field (vv. 5 and 6) and for the general prosperity of 

the family (v. 4 a and b). One thing stands out 
(juite clear in the hymn and in its different interpretations, 
viz., the erotic relation between Apala and Indra. 
Apala’s love relations with Indra are manifest from 4 d 
( ^ jinfnt ) 5 d and 6 h and have been fully 

brought out by Sayana, Saunaka, the author of the 
Satyayana Brahmana, C)ldenberg and Geldner. The 
desire expressed in 5 d and h for “erops of hair below 
my waist”, can only mean the attainment of sexual 

powers and this cam have, in the present context, 

significance only in an erotic’ relation with Indra ; for 
otlierwise 4 d becomes meaningless. There is no reference 
in the h«t to any skin disease which Saunaka smd 

Sayana* have unnecessarily* dragged in. 

One important point that deserve.s notice here is 
the phiral in w;, wh:, Jrdfs and in v. 4. 

Sayana’s is to be sot aside without 

.any hesitation. The plural suggests that Apalii does not 
stand alone in her love relation.s with Indra but belongs 
to a class of women who hating the taking of hu.sbands 
remain vh*gins and worship Indra as their lover in- 
stead. That the love relation with Indm is not earthly 
but is mystic is made probable by 2 h and 3. Apala 
wants tlie Soma she is pressing with her teeth to flow 
slowly, very slowly, that she may get ample time to 

' Or more correctly ‘ erotic-mystic ’ ; see below. 

The last two sentences in Sayaua’s comments on v. 7 
probably come from Sayana and not from the ^atyayana 
Brahmana. 

■ Q 

Probably in v. 7 suggested to thoni that Apftla 

had skin disease before. 

20 
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know her lord fully. It is then during the pressing and 
flowing of the Soma in her mouth that she has communion 
with her divine lover. Something like spiritual ecstasy 
must be meant by this communion. Persons acquainted 
with the later* mystic literature of India will fully 
realise the force of my remarks. I may here incidentally 
draw the attention of my readers to a new German 
publication “ Die Anfiinge der Yogaproxis (eine Untersuchung 
iiber die Wiirzeln der indischen Mystik nach Rgveda 
and Atharvaveda) ” by Dr. J. W. Hauer, Privatdozent 
at Tubingen, who had come out to India to study 
yogic practices. Dr. Hauer* has read in this passage 
an ecstatic relation between Apala tind Indra through 
the medium of Soma. Sly diflcrence with him lies only 
in my emphasising the erotic character of this mysticism. 

Saunaka (Brhaddevata VI. 107) considers R. V. 
VIII. 80 to be an Aindrci hymn and not an Iti/iasa 
hymn as Yaska and Bhaguri hold. It does not contain 
a mere tale about Indra and his human love, but has 
Indra for its “ deity ”. We may very reasonably infer 
from this hymn that Indra was worshipped by some 
females (who remained unwedded) as their divine lover 
or husband. It is probably thus that the erotic verse 
(34) at the end of VIIl. 1 is to be explainer!. Indm 
has been behymned in w. 1-29 and tlie in v. 34 a 
may refer to him. That is not a proper name but 

means ‘every’ is certain*. May the two verses at the 
end of I. 126 be .similarly inteipreted? One would be 
naturally reminded of tlie Pnranic story of Indra’s amour 
with Ahalya.* 

' This hymn too is a very late one. See Arnold, Vedio 
Metre, p. 283. 

* Pp. 137, 138 of his book. 

See Macdonell and Keith, Vcdic Index I, 70. 

* Is she the same as our Aptlhi ? The story of Knbja 
(Visnnpurana V ch. 20 vv. I — 12 and else where) was certainly 
suggested by that of Apahl. 
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I may now return to the Vrsakapi hymn. The 
hymn shows as I have indicated above that Sun-worship 
was supplanting the worship of the old national deity 
Indra, at least in the Parsu=* Yadava community. Along 
with the chief character the other attributes of Incba 
also raiiy have been usurped by this god and the Yadava 
ladies may have taken to the worship of the Sun-god as 
their divine lover. Now, later Vaisnavism (the Vasudeva 
cult) rose in this very community- The national hero of 
the Yadavas, Vasudeva Krsna Devaklputra, came to be 
identified with the old Vedic Sun-god Visnu and worshipped 
as the Supreme Being. Readers of the Puranas will 
remember that the boy Krsna stopped the worship of 
f5akra (Indra) among the cowherds in w'hose community 
he grew up*. This may be due to a reminiscence of the 
Sun-worship (later substituted by the worship of Krsna 
identified with the Sun) ousting the old Vedic Indra-cult 
in the community of the Yadavas. It appears from the 
words of Megasthenes that there was some contrast 
between the worshippers of Herakles and the worshippers 
of Dionysus in India. I have recently* shown that by 
the cult of Dionysus we are to understand the general 
Vedic sacrificial cult As Krsna (identified with Visnu) 
was later installed in the place of Indra, the erotic worship 
associated with that god may well have come over to him. 

It is probably thus that we read in some of the Puranas 

stories of Krsna’s amorous sports with the cowherd girls. 

This may not be the creation of pure fancy but may be 

a lialf-true account of what was perhaps actually in vogue 

*I am indebted to my friend Professor (ionr Govinda 
Gupta, M.A. of the Rangpur College for drawing my attention 
to this point. See Visnupurdiia (V. ch. 10). Compare also the 
story of Krsna’s snatching away of the Parijata and the 
consequent fight with Indra (Visnupurana V. ch. 30 and elsewhere). 

*In a paper on “ Dionysns in Megasthenes ; who was 
he ? ” written for the Madras Oriental Conference. 
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in Krsna’s cominunitj^ — prior to liis birth and subsequent 
to it. Space forbids my dilating further on the point and 
I must reserve a detailed history of how the Radha- 
Krsna cult grew up for a future treatment. 

The Vrsakapi hymn, when studied with some other 
hymns of the Rgveda thus lights up many obscure points 
in the history of Indian religious ideas nhd practices. We 
have also incidentally learnt that the Persians of Iran 
may have come from the Yadava community of India, 
The Yadavas, as I have trie«l to indicate, were probably 
exclusive worshippers of the Sun. Mithraism that very 
much spread in Iran in hi-'^toih^al times may possibly be 
due to the Parsu = Yadsiva element in the Iranian popu- 
lation. Whether the erotic mysticism of the later Persian 
Sufis is due to that original Yadava element or to recent 
borrowings from western India or to independent development 
I must leave undetermined for the present. 

P. S . — A friend of mine in Benares (Bandit Nurayana l^astrj 
Khiste Sflliityacarya of the Government Sanskrit College Library) 
objects that the erotic mysticism brought out above belongs 
really to Agamic (Tuntric) culture and is not NUjarnie (Vedic) in 
character. I do not want to make any pronouncement on the 
point, this way or that way, now. Probably what I have 
said above leaves the question undetermined. I have only said 
that the cult of Vr?akapi as such has no necessary (or even 
likely) Dravidian origin : We have erotic mysticism associated 
with the Aryan national god Indra too (and its development 
can probably be traced from very early times). At any rate, 
what I have sought to establish is not exactly Vedic 
character of erotic mysticism but its existence in late Rgvedic 
times. Though the hymns discussed iibove are some of the 
latest in the Rgveda, some of their verses (and therefore the 
hymns themselves ?) are early enough to find place in the 
Taittiriya collections and all these hymns have been analysed 
by Siikalya. The above discoveries raise important issues about 
the relation between Vedic and Tuntric (or PaBcaratric) cultures 
which I intend to pursue now. But I must be assured by 
scholai*s first that I have set out on a right tiuck, 
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§1. A systematic study of the classical languages 
of India as a branch of oriental learning commenced only 
a little over a century and a quarter ago, after the epoch- 
making announcement of Sir William Jones in 1788 
regarding the importance of Sanskrit literature. Wliat 
attracted the notice of scholars tlien was classical Sanskrit, 
chiefly the hdvya literature. 

Vedic literature Avas the next to arouse Iheii- interest, 
,'ind it was not till witliin the la.st fifty years that Prakrit 
literature came to be recognized as an equally ijuportant 
braneli of these studies. The late appearance of Prakrit 
literature in the field was mainly due to the fact that 
the chief custodisms of this literature — the Jainas — until 
very recently, did not care to publish it. It lias, of old, 
lieen almost a monopoly of the Jainas to write in Prakrit 
jnst as it was, to a certain extent, a monopoly of the 
Brahraanas to write in Sanskrit, and of the Bauddhas to 
write in Pali. Rakrit writings of the Brahrnanas, rare and 
fragmentary, are to be found mostly in the Sanskrit dramas, but 
these do not truthfully represent the Prakrit language prevail- 
ing at any particular period. These writers were well-A^ersed 
in Sanskiit only and Pt. Chandra Bhara ^^arma Guleri 
is right in saying that their Prakrit is mostly imitation 
reproduced from Sanskrit models in conformity with the 
rules of Prakrit grammar, substituting ‘t/a’ for ‘ia’ and 
^kha ’ for ‘ ksha\r The Jainas, on the other hand, culti- 
vated the Prakrit languages as their media of instruction 


^ Nagari Prachariift Patrika Vol. I, p. 8. 
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and composition. Hence the various Prakrits, mentioned 
and defined in works on drainaturgj^ rhetorics and grammar, 
are profusely and faithfully illustrated in the writings 
of the Jainas. The only surviving specimens of Magadhl 
and Ardha Magadlii Prakrits are the canonical Sutras of 
the ^vetambarii Jainas. Maliarashtn Prakrit, which came 
to command a good literature even in the early centuries 
of the Christian era, as is evident from Hala’s anthology 
and the Setuhandha of Pravarasen, has been utilised 
by the Jainas in the composition of commentaries on the 
t^ani^eal Avork.s as well as in other sacred and naiTative 
writings. Sauraseni Prakrit is best represented b)”^ the 
Digam bara Jaina works such as those of Kundakundacharya, 
SAvami Karttikeya, Vattakcra, Neraichandra Siddhanla 
Chakruvarttin and others. Paisachi has indeed not found any 
favour AAoth tlie Jainas, and it unfortunately has no literatiu’e 
existing. The only work in the language, Guniidhya’s Brihat 
kathd, has long disappeared. What little we can knoAV of it 
to-day is from Av^orks on poetics and grammar. Of the 
Apabhramsa Prakrit, howe\'er, Avhich is closely akin to the 
Paisachi, a good deal of literature has come doAvn to us, chiefiy, 
through the Digambara Jainas. The object of this article is 
to show hoAA- much literature of this language has so far come 
to light. 

§2. References to Apabhramsa language are to be 
found in the works of rhetoricians and grammarians ranging 
from Patafijali (2nd cent. B.C.) to Markandeya (,l7th 
cent A.D.)^ These references prove that Apabhramsa exist- 
ed, as a dialect chiefly of one Ablura people, about the 
beginning of the Christian era, that by the Gth century A.D., 
it had developed a literature of its own, which had to be 
recognised by rhetoricians like Bhamaha and Dandin, and that 
by the 11th century it came to command a rich and varied 
literature and wiiters on rhetorics and grammar sdso b^an to 

* Introduction to Bhaviaayattakaha G. O. S. XX. 
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distinguish varieties in the language. Of the grammarians 
Hemachandra, who lived in the 12th cent. A.I)., is the 
most important in this matter. He is the first to treat of 
the language with some thoroughness giving copious 
illustrations from works to which we have now no access. 
I^ater grammarians, such as Trivikraraa, LakhshniTdhara 
and Simharaja, have only copied Hemachandra even in 
the matter of giving illustrations. It is only Markandeya, 
who, in his Prakrit Sarvasva, has shown some independence 
in this respect. 

§.8. The chief characteristics of the Apabhram^a-^Hn- 
guage, as understood from the works that will presently 
be noticed, are the following : — 

1. Morphology has changed to a great extent. Many 
of the case and conjugational signs have disappeared, 
and the remaining ones are irregularly used. The language 
shows a clear tendency to become non-inflexional. 

2. Vocabulary has become enriched with the im- 
portation of many rare, colloquial and provincial words, for 
Avhich, strictly speaking, no Sanskrit equivalents (;an be found. 

3. Many new poetic measures appear. In other 
Prakrits we do not usually meet mth verses composed 
in metres other than the Aryii or the clas.si(-al Sanskrit 
metres. But in Apa])hramsa, numei'ous new metres came to 
lie used, based, not upon the number of syllables in each 
foot as in classical Sanskrit, but ujion the quantity of 
accent or 7 )idfrds as in the Vcdic poetry. Definitions 

and illustrations of these numerous new measures are 

» 

to be found in ^Prakrit Piiigcda' 

4. Verses are characterised by rhyme which appears 
here in Indian poetry for the first time*. 

‘The only kind of versification, resembling rhyme and 
found in classical Sanskrit, is furnished by the figure of speech 
called i’arfa«/a yamaha {Cf. Dandin’s Kavyadars'a, chapter HI, 
paragraphs 41 — 441. It is very likely that rhyme grew out of this 
figure of speech. 
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These four tendencies we find fully miinifestx^d in 
the modem vernaculars of India such as Hindi, Giijrati, 
and Marwiiri. Apabhrani&i langiuige thus forms a connecting 
link between the older Prakrits and the modern verna- 
culars. Hence the literature is of very great impor- 
tance for the philology of these vernaculars. 

§4. Just a dectide ago it was hardly known that 
there was mucli literature existing on the Apabhram4a 
languiige. What was then known of tliis literature 
to scholars was found in the Fourth Act of 
Kalidasa’s Vihramorvn^i, in the Prakrit Pihgala^ in 
Hcmachandra’s Grammar and his Kumdrapala charita, 
in Sanskrit works on poetics such as Sarasvatt hanthd- 
hharana and the commentaries to Dmarupa and 
Dhvanydl oka, and lastly in the. Jiuna legends like the 
Kdlahdchdrya Kathd, Prabandha Chintmnani, Vetdla 
pafichavimsatikd and Sinihdmnadvdtrimkikd. Some of 
these works have been utilised by Pischel in his Prakrit 
grammar. 

The first complete work of Apabhi'amstt, brought 
to light and usheied into modern studies, is the 
Phavimyattakakil of Dhanapala published by Dr. Jacobi 
in 1918, with text in Roman characters and Jin intro- 
duction in German, and again in the (.laekwada Oriental 
Series No. XX. In the introduction of tins latter edition, 
we find notk« of fourteen entire works of Apabhramsa, 
almost all of which ai'e awaiting publication’. 

§.o. Among the works noticerl in the introduction 
to Bhavisayatta kahd, what seems to me to be of the 
greatest importance both on account of its age as well 
as extent is the Timlthimahdpurisagundlankdra of 
Pupphadanta. Dr. P. D. Gune, the Avriter of the 
introduction, saw only an incomplete manuscript of the 

’ Of these Iho only work that I know to havo been 
published is the Pnmmatina P>‘akaia of YogTnclra Deva. 
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work, containinj? only twenty-seven sandhis (chapters). 
The work, however, is completed in 102 sandhis equal 
to about 13000 i-lokas^ in extent and is flivided into two 
parts c^allctl the Adipurdna and tlie Uttarapurdna. 
Its subj(}ct-niatt(H’ is the same as tliat of Jaina.soiuvs and 
Gunabhadr.i’s Sanskrit woi-ks of the same names. Even 
!i cursory (ixuminalion of tlie work* has revealf^d 
much information about the autho)' an<l his date. The 
poet prefaces his work with nari’ating to us the circum- 
stances tliat brought about its composition. Wv> find the 
poet resting in a garden of Menddi {Melapdti or 
mdnyakheta), fatigued with a long journey and injured 
at heart with insult of some kind Dieted out to him 
we know not where. 'Ihvo [lorson.s, residents of the city, 
approach him, an<l they introdiuxj him to Bharata the 
minister of king Sid)hatuhg;ideva. (Vallabharaya). Bharata 
keeps him in his own mansions and, recognising his 
poetic talents, induces him to wnte the * Malidpnrdna'^ . 

‘Thirty-two syllables arc counted to make one fsloka 
which is the usual raeasuro to calculate the extent of a 
work. 

T saw a complete MS. of this work as also of the 
other works of Pashpadanta to be noticed presently, in the 
lialTifhamganu Jam Bhanddr of Kuranju (Akola district, Herar). 
For other MSS. of the work and a iletaih'd information about 
the author cf. Pt. NSthh Kam Prtani’s artick' in Jama Sahitya 
S'(iin,^()d/iaka Vol. II. No. 1. p. ;»7. 

I 

cP!f3 imi 

•v 

IBII 

gs| g^*i i 

21 
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I’lie po(‘L shows his giatitude to his piitron by inention- 
itig him In the colophon of each sandh,i <jt his epic ami 
praising him at many places. l^nshpadanta was a 

qf^wftr5[wn:?'fggg»is?i, ftii5.i»!r^5i H4:» 

m qr^' i’fw i 

# wiTf h5ii 

qyq fSifqr wp q%qjti i 

+ + + + + 

^iqfwqrq h q?^ i 

g^f^qqqR qqrf^ q%qq^ qiwc qi^‘ inii 

I 

ftiqf55 ttvvt f^qw? i 
, qiq^M^f gf , ^sqyqqrTqqfTqT « '< ii 
qwgjreqr5f^%, qrqfq^q^^qBrqpirTf^rBs i 

qftd«r«^rftwirTqrf«ig ii^ti 
qrqq^i5««q #fbi i 

qriTBgis ^ ii«ii 

gq^ifAsw^^rn^ i 
^fqftqr<lqrqf^'i|l^qTg, 5Riqwq?ir%q3[«%«Tg h4;ii 
q?f*i%q?*gf srw^srqjqf gqwqr sftg i 

g^qqrqqqqr^3’««7g, ^'snsgsqwg imi 

srqqf^qaqrt ag q?j?g, f Rqq i 

*r5flqiq«^qqi n^, ^fqqiqr'^q^f^q h»ii 

f«at«qr , qrlq qiqi% fas qrn^ i 

mq 5ii|?i wf^?, qrqqrfqff^^, gas? as?qi^ anq? i 
tSr gqrnqtaf^af, f^f siftrw^, %«53 q^ ?i»*Tiqrt »''« 
f^qrr ^««qfqg, q f%g»$f% ^ ^ i 

asnqg f^§ ^ h«ii 

g^aig ^qr f^??J q?ii[, qriqti qqvrraq fqfi=s i 
i^wra^ f^qqqaq%* q»g, fti^w^gqf qaqf q»g inoii 
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Brahtnaiifi of Kilsyapa gotni. His ifallier’s naino was 
Kesava and mother’s Mugh^evi. He was of a lender 
,md ugly constitution ’ . 

Two otlier works of Paslipadanta th<it. Iravc come 
1.0 light are Ymodlmra charita and Ndf/<ihmidra 
eharita. Tliesc arc much short(‘r works than the one 
mentioned above, containing four and nine mndhis 
respectively. The .subject-matter ol the former is tlici 
same as that of the “ Ya^astilaka Chanipu of Soma- 
deva and of the latter the life of a similar other .faina 
hero. These two work.s the aiitlior composed at the 
request of Nanna, the .son and successor in otlictj of 

^ Iff gf wra? i 

qin im u 

cTW, i 

»n^ii 

qf Brf&qn f^resri i 

q^sw aig 5if sR?f^ «sr, ciTst¥f gsg: qy^q ii \ «it 
g| ^5 ^ ^ t 

qrs^rfeiwl^ srf iiU'I 

+ + + + 

’^wQfg^wRqre^’, *^3 gftntwr^’ mu 

Rfit ^I^TRalR^qr, ^qr|qr r^? RfR^qr i 

qqr%3 asrurif, gt fsiwi? Il’iw 

[ R?i!iqn«r-3?Rd^«T ] 

I »?wr ginjfi^RSR^tgq i 

«FTRqRl^ ^RR gW, ^^ f og f rTSf' t I 

iRR RR f^qrw rr', g’^’WR ^qn... 

[ 3qi3itrTR, ^ 1 ] 
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BharaUi*. In the colophons ol Ycm)dh<iracharita \\.\q work 
hius been cjilled ‘ an ornament to the Ciirs of Nanna’*. In 
each of those works the author repeats his parentage. In 
NdgaJcumdra charita, however, w'c find some more informa- 
tion about tlie author. At more than one ])lace in this 
work ho uses his family designation of ‘Bhatta’" with 
his father’s name, and setans to declan} that he first 
belong<3d to the Saira faith, but becjiinc converted to 
Jainism by the preaching of a Jaina. ‘guru’h 

Pushpadanta was veiy proud of himself and this 
is evident even Irom the epithet AhhimdntMH'rv, that he 
so frequently uses for himself, ’riie Timtthi mldkdpurim 
charita was completed on the 10th of the bright fortnight 
of Aahd'Jha in Kro'ljLdna Saiuvatsara 887 , Suka era, 


»irra f WR H 

[end of ] 

ssrsRfl B»n'(a> it 

®g5S[TRSft' ^ i i 

+ + + -t- 

i ff^qftr»qriR 

«rwirrf wrw nlxrt i i 


+ 


+ + 


+ 
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( ijiuvalont to Sunday, the 11th June, 965 A.J). * Ndr/nkumdra 
charita and Yasodhara charita luivo l)een composed 
some time after this date. 

In his Mahd'purdna, Puahpadanta ma,kcs mention ol' 
Ahdahka, Kapila, Kanaeliara (kanada), Purawlara, 
Daniil a, Visdkha, LuddJutchdrya liharata, Pdtafijah, 
Bhdravi, likd^a, Vydmi Kolada, Kdliddm, Cha'ani/nha, 
Bi'ayatnhhn, Srt JTardia. Drona. Kuvi Imna, Bdna, 
JJhaveda ' and Jayadhavala Siddhdnta, Rudrata Nyd- 
i^akdra, Pinyala, Ja!<a-vmlkn. SdHvdhana, SHuhandlia 
kdvya (of Pravarasena) Jinanena and Vtrasenad 

*Tho date o£ tlie author lias beou fully discussed by the 
writer in a Hindi article shortly tc appear in the patjes of ‘Jain 
Siihitya Sarnsodhaka, and in the introduction to the ‘ Oataloyne 
of Sanskrit and PrSkrit ]\1SS. in the Central Provinces and llorar ’ 
prepared by Kai Bahadur Hira Lai, B. A., M. R. A. S. (Retd, deputy 
connnissioner). The latter work is in the Govt. Press, Nagpur, for 
publication. The pttssage chiolly bearing on tlio date is to be 
found at the end of ‘ UUaraparhm. It read.s thus:-- 

In tho Kanin jfi MS. of tlie work, ]iowover, the second foot of 
the second line reads : — 

^ri li 

*13 'ftqf • 

^^335* ^3 srr^ i 

qrq f qrwff %5g vT^r^ 3T?rarW3 ’turg I 
'll iJFrePire, it 

qwiqqg^ qfeg, qr qifitt? qfirq i 
Rig qr ftqqq u 

ft fti^ftf , qf* ftrqqg gqqiq^ qqiftq i 
qt trniiftng i 

51^ ^ ftft^ ^ ft •' 

<sfH?^qifty ftqrsis^ ^ftq qqftft qft i 
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§6. of ’ is imollier loigo 

work in Apablnunisa, It is completed in 122 sawlhiH 
equalling 18000 slokiis\ Tlie poet was the pupil of Amba- 
sena Rishi, and tlie son of a Brabniana b}'^ name 
‘Srmi’*. The author’s name appears in the last verse 
of each as well as in the piuface to the work, 

where we also find mention of the following authors 
and theii’ works ^ : — 

Dhira&ena. 

Samattajuttii (authoi' of a work on Jh’amana.) 

'Ttic work bogiiis tlins ; — 

sfira; it % || 

*ri%^ 5if«jr I 

fif ^ Ilf uriHf w n r ii 

W «I» »!•* 

wfnl'wdur Mf*ii I 

atf |i ^ ii 

f^gnr^3tBrii«i5^5iqg^ i 

vnpg*i w lEwisiif ii «; u 

1#* W' •1^ 

I «i’=^5 *1^? I 

5if !i(5m i 

gug <H5%, ge^fg??w<;% 

?sig#!!f gitm ^JT, «r^^nr ^=nr 

»irf^ Wif AT Wf?g9 g?rftr » 

•tfffir g«i«ir w ii ^ n 

S«w ispr 593 I ^i?f? gqi^if^ i 

5r5 I ^ wwj »t«I fe? ii i ii 
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Devanandi (author of Jsiineutlra Vyakarana.) 
Bajrasuri (author of a work on Naya.) 
Mahdsena (author of Sulochanil Charita.) 
Ravishena (author of Padma Charita.) 

Jinasena (autlior of Harivainsa Purana.) 
Jadilaniuni (author of Varaiiga Charita.) 
Diuakarascna (author of Anaiiga C^harita.) 
Pmlmasena. 

Andhaftena (author of Ainiyarahana.) 

Dhanadatta (author of Chandraprabha Cliarita.) 
Vimlhyascna (author of many Ctiaritas.) 
Snnhxmandi (author of ‘ Auupi'ekfjha’.) 

I ^ snare’s I 

^ IM ft 

I 'TJW gfti ii i ii 

^ qi^rii d w ii 

^ 9 rRt= 5 rrai[^ i fi^qferq i 

I gfq ii 4r ii 

RwqrRj %iT qjiTi[ qs^ • ftRitpir i 

qqwg ^^frr n ii 
^ ^«^q qqffef qqq i 

^ fq^F^q^qr i Brarqraf^ q^ 7 i(q vstutt it 9 11 
qfi^![ iig 1 %a gqq t 

^ftiq qwfJr gqr qrrqF 1 ^q ^«q 5 i%* f%T?q t 

^ f^stq? qqreq 1 ^pq qqq ^ qq 11 q n 

q? qc «f ?nq5 I ^ gqftr f^qrtqq I 

qq * ^*5 q^ifq 1 

qc(f^qq 1 ^ Rf rvg qg f^««i%qq 1 
Bi* gqftr qqiBiq i Risuf^qr^ qF% i 
qq #ff^ fife* fir 1 q%q^Br qqreBr i 

qqf 

RfR%rs If qqftr qiBr, fllBrq qurrsfif 1 

ftrq «ro nftr 0 qq, qg ^ fiw qqmBr 11 
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Siddhamia (sang llio Agama and inanifeslod 
‘Bliaviya Vinoda’.) 

Ramanandi (author of many stories.) 

Afiagn (author of Yira Oiarita.) 

Gomi/Ja (author of ‘ Sanatkumara Charita ’.) 

Jinarnhhita (author of ‘ Jayadhavala’.) 

SdUhhndra (author of ‘Jiva TJdyota’.) 

Cfmimiihfi (author of Paumadiaria.) 

Drona. 

Nothing is so far known about many of the authors 
and their works rcferre<l to hero. All those, whose works 
have come to light, ai’o known to have lived in or prior 
to the 10th century A.D. Among these the latest in date 
is Asaga, the author of Vlra Charita (Viirddharaana 
Kavya), from some MBS. of whi(;h, Asaga is known to 
l)av(? been Avriting in the y<'ar 010'. If we refer this 
date to the Vikrama era w(i get the year So.T A. 1). 
or if to the Saka era, the year 088 A.D. for Asaga. 
Dhavala must have been writing shortly after one of 
these dates. But in that case it is strange that Dhavala, 
omitted to mention Jinascma, the famous author of 
Adipurana, whom Pushpadanta refers to. Dhavala, does not 
mention Pushpadanta nor the latter the former, though 

’The piaiasti appended to some MSS. of Varddhamana 
Kilvya and fnrnishing the aliove date for AHagi'u is the 
following ; — 

3IT II ) li 

froi Ji*n t!ra»n|[^sr 

in^ 9 sRsrmnqf* 

<31 iiqii 
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both were poets of no small magnitiido. It is likely, 
therefore, that they were near contemporaries. 

§7. Two large works of Apablmmisa have recently 
been tliseovered. They are Harivamscqnirdna and 
Pmimacharia.^ They are roughly equivalent to 18,000 
and 12,000 slokas respectively.* The author of both 
these works is Svayambhudeva, He, howevo)*, left both 
the w'orks incomplete, and they were finished by his son 
Tribhuvana Svayambhn. In Ilarivamsapurana, Svayambhu- 
deva calls himself a protege of one ^Dhavalaiyd\ 
while in ‘Paumacharia,’ he calls himself a protege of 
‘ Dhanavijayci! Probably those two names refer to one 
and the same person.* Tribhuvana Bvayambhu calls himself 
the protege of ‘Bandaiya’ who may have been the son of 
‘Dhavaliiiya.* From the sandhis towartls the end of Hari- 
vamsapurana, we learn that a portion of the work Avritten by 
Tribhuvana Svayambhu Avas lost and that it Avas subsequently 
I'estored by Jasakitti (Yasah kirtti) Bhattaraka of (jrwalioi’. 

'Pandit Niltliuram Premi is the first to ivnnonnco their 
discovery. To him T am indebted for aU m,A^ information about 
the works and their author. 

*Tlie MaAgalucharana of Harivamsa Piirunu is : - 

f 11 < 

\ ti s ii 

The Mafti^alfTcharaija of Fanniacharia is : — 

ii % ii 

Kach Sandhi of Harivamsapurana up to the 98tii sandhi 
cuds, mutatis mutandis, witli the following verse ; — 
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111 the Hiirivam^jipumnn, we find inenlion of 
Bhamaha, Dmi jin, Bdna, Hdrisluna ainl Chwmulia ; and 
in the Pauniacharia, thnt. of lidvishena, Bhamaha and 
Dandin. None of thcf^e ai-e known to have lived after 
the 7th eentnvy A.I), Of Svanibhudova liiniself, mention 
is found in the epic of Pnshpadanta. From tliesh facts it 
may he eoni'lndcxl tliaf Svayambluidova wrote some time 
between the 7th an<l the 10th century A.L). 

§<S. \Kathd ho-'ha’ of Srichandra-muni is another 
work now brought to notice for the first time. The 
work is completed in fifty-three nandMs and contains 
about an equal number of stories meant for moral and 
religious instruction. * 

In SandhiB iiltor tin' 9Stli wo huvo : — 

HIT II to» II 

Similarly, in PHUinacharia, first mrrjd, wo have : — 

^ai»g^f% ^4, q^riH^ Hif^ qf«4 n ? ii 

In the rest of tin' sart/as avo havo :• 

flTfHqr Hiig HiTi%4^q!flqr qflJrar n 

Tliat Tribliuvana Svayambhu was tlio son of Svayamblru 
uova, is ])i*ovo(l by tho followin;^ verse of llarivainsSapnrana : — 

mm ^gqiir l 

’Tlu* work opens tlins : — 

^ WTT qm4^, i 

qm4f^ gfqg«[fit « gf^ • 

iShtis hhi^ H3f qrf«P5 1 mqr II 

3^ i^q| i mftr \ 

g^m*! i #f mftiH ^ ii 

sffjgRs fitft #q; ns l Hf I 

aftfn* I « ^ sii^ % ii 
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Verses, in metres (lilfei’ent from the prevailing one, 
occur in the body of the work.’ The name of tlie 

author occurs in the last verse of ouch sandhi. * A praktsti 
in Sanskrit is appended to the work by whicli we leiirn 

that the author was tlie disciple of Vira Chandra, the 
disciple of Gunakarakirtti, the disciple of Srutjikirtti, 
the disciple of Srildrtti of the Kimdakunda line of 
Acharyas, ami that he compo.sed tlie work for the family of 
Krishna, the son of Hajjana of Fragvata family ami a resident 
of Anhillapura, and the (;oimcillor {(doshtiha) of king 
Mularaja. IJistory tells ns that tlMijc ha\’e been two 

kings of tliis name in the Clialukya line of Anhillvad. 

The first was tlie Founder of the dynasty and reigned 

from A.I). 941 to 99(), and the second, wlio was the 
tenth in the lino, sat on the throne in 1170 A.1). and 

f I 

qf 311? 3r it 

[ i?? ] 

+ + + 

^*51^ JTI5 I qiII3 I 

qrmr i «fT^ ii 

I t 

^«T I q%rf u 

3^ qtTf I 3r-(T5 ' 

I ^ qf«r fSRW ii 

[ f 1 5im ] 

+ + + 

’The following verso is repeated with slight variations 
at the end of each Sandhi. 

gfti 3wrn*!iT*d^ i 
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ruled only for two years/ Oiu' aiitlior flourished about 
the time of one of these kings, probably of the first. 

§9. PdrkKqmrdna of Padinalortti consists of 
eighteen sandhu, and is ecpial to ‘3,;32.‘> slokas. It nar- 
rates the life of Parsva-natha the twenty-third Tirtham- 
kara of the Jainas. From the Prakisti appentled to the 
work, it is known that tlie author was the pupil of 
Jinasena, the pupil of Madhavasena, llic pupil of Chandra 
sena’. Kotliing cjin be said about the (.late of the author. 
But, the MS. of tlie work that J saw' in Karanja Bhandar 
is dated in Samvat 1473, Phcdguna Vudi 9, Wednesday 
when Virabhanadeva w'as ruling. 

§10. Sttdarkina Charita of Jsa 3 ^anandi is a work 

in tw'clve sandhis. It narrates the life of a leligious hero, 
Sudarsana.^ From the Prakisli appended to the Avork 

The foregoing verse is always preccdeil by the one following ; — 

Vi « 

*IiKl. Aiit., Vol, VI. p. 213. 

aft I ii 

af ftw Asnft j jpirr**^ i 

1 5^ aig 3ITI II 

aft s«a I f^fti I 

ft 55*5 I gsRUf ii 

5if wfftft 'aifi ft I g^’iift a fti^ra i 

in I qftq ft fft? q? i 

. . sfti I fts ftq^ * 

■’The work begins thus: — 

ia«: I qra'i qr^canir i qt^r qrft 

qilfftqiqr I aq®q»iqWT I i 
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we learn that the author was the pupil of Mdnikya- 
nandi, pupil of Rdmana7idi, pupil of Vmikhanandi, 
pupil of Padmanundi of the Kundakunda line of 
Acharyus, and that he wrote his work iii Vihrama 
Samvut 1100, when king Bhojacleva was reigning at 
Jlhara in Av'antidesa.^ This same Nayanandi may 1)C 
the author of ‘Aradhana’ mentioned in the introduction to 
BhavisayattaJcahii (G. O. S.) on p. 42. 

§11. Krtrukandu Charita of Kanakauiara is in ten 
(hapters, here called parichchlmlasd It narrates the life 
of a king and sage Karakandu. 'Phe author makes mention 

^ «ra JiJf ft I 

*13 w ^33*aq*ire^ il 

?rfr i n 

«i*!n[5rTft I f 3 rwsf^ il 

?i«i I gq*i'qff3t i 

q3« ?r|T 3iTq3, 3fnftq«3iq3, qrftrfts \ 

tr, ^qr qrqtctr. ft?i[3 35 qrft q rft q 11 
3rncT«r*Ti?T s? i gq^ qriff tw 1 

gfiff ftfifqqr^s « aft' viw*?qfl *iftg u 
fqr3?r? qtf^qf«^3ar I ^ftr =53351 (?) 

ftfqqr *!rRTqqr ftftftr^3 1 5ift*3r?5f 1 

5T%*i*!r qf 1 aft l^qrf^ qfftqft^ 1 

55*T'?g H^?g^5S|’r wm 11 
aft qift3 qraqg^ ( 1 
gqRE «Tqf I dim^q gf II 

+ + + + 

*The work begins thus : — 

*wrm?ftqiw$T, qi5ftft«f<ftqi*RfT 1 

qt»p^qftqtt», ftstaftiflartT, wft ftftftrmaftt ii 
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of Siddhasena, Samanlahhadra^ Akalahkadeva. Svay^ 
umhhu and PufihjKcdtinta/ lie must, tliercfore, have 
lieen writing some time in or alter tlic lOtli century A.1). 

§12. 'Mchemra vhurkt' of Siraliasena is yet another 
work, that has of late come to light, J t has also been cialled 
Adipurdna' d T’ho author wrote it for Kheina Simgha or 
Khemaraja, whose name apjK-ars in tlie colophon of each 
SandhiA The poet was also known by the name of 
‘ Raidhu.' l ie was the son of Ilarasimgh Simghai and 
the pupil Yasahkhili, pupil of Gunaldrtti .* These 

3f*r • 

5r«i i iT^*rcir? ti 

+ + + + 

The colophon at the cmuI — 

qg 

I) 

‘ 315 ti 1 wt. 1 

^ \ ^ g«r5i^ I 

51*1 I I 

+ + + + 

*5q«i?5ii*rf, qlqdqr 1 

qrft<i3 1 

I gn q«r? gqji%5 1 
3?w 1 gqr^i'sg^ « 

^ 9«?c«Dr f I f I 

+ + + + 

1 ?if«i«i?«gql^qrqiiqis 

qng \ ?i3 a#? arl jf^swsnig i 

sm ?»f qf^^ ^tq’S 1 ««qg5^rq^5 

nf qqq^qi? ^vm^ 1 5iTf sfiirq®? f^qq^qii 1 
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Aoliaiyas are known to have lived about the time of 
king Kirttisimgha of Toinara family wlio was reigning 
at Gwalior in A,I). 1404. ‘ Thus Simhasona alias 

Kiiidhu most have been writing about this time. Simhasena has 
luentioned in his work, Qimahara, Dhlrasena, Devanandi, 
Jinavarasena, Ravishena, Jitiasena, Suraftena, Dinahara- 
sena, Svayarahhu, Clummuha and Pupphayania.^ 

‘Jl^^idllu is also the author of another small work 
PahcilfdcJcJuimtjayomdla'’ (Dasalakslianika jayamala). It 

contains in all sixt.y-oight Apabhramsa. verses, six or seven on 
each of the ten articles of dhanna of the Jainas.* The 
name of the author appears in one of the concluding verses, 
m I ggf “s sflq i 

I i 

fa? i3<n$ I gg? wtq fSTJ qrajgfa « 

Mil a Pra^asli appenclcil to tlio IMS. ol ‘ .Infinariiava ’ ilojiositod 
in the .Jainii Siddhnnta JUiavuua, Arrah, v/o iPad : — 

qrrqrf ^ 

?i3f{f^?T5Tsft^f^f¥f-?i3RTsrgr^nT% S'*?*!*? 

*7“ «fl wo «ft twwRfqt w» 

wo 

*snswf^-g?wf^ - ?*!*?!*!? I fw S’® I 

gq ^*P?r I =*!% UGI 

*!% ^anw^ i ^ wi*!?^ wfif^ I 

qfww^ I ^?»|3r qrfirw «RI| 

^tw? I q?*?!!?! ^ I 

Siif^ W5I*? WIW3 ( *5rTg5 gfcqvii^r h^h 

^^w fi|3r% w?*f WT^T I *T?% wf 5;??!!r iqnrr i 

’The ten dlinrniah; nro oninneratod in tlio first verse of the 
work : — 

»T^, ?r«T^ g[cn5ft i 

=5rR wq-ww4q^, wwrg w^w> i 

3^rr «w i ^pwit ^w | 

3^ mt ?*nir^ wt6 i sww ^w j**?? ff rifl i 

H“ •+■ + d* 
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These two works of Rtiidhfi prove that the Apa- 
bbranisa language continued to lie the vehicle of 
literature among the Digamhara Jainas as late as the 
lath centuiy A.D.'. 

TJie ondiug vevsoB of (bo work aro ; — 

q;jii I f ^ II 

*1^01 %3aT 1 f»if% ^ I 
sfhd«i «rsHTOc I ^ g*R3 <jt inii 
^ 'Kg ?rH^3i5 t ht i 

^ gw ^ i <»gi u 

H3Si gsr ?^inT m wfrasr »irst f gntag i 

«T<Hg i «ig ii 

^5f «5r*jg I «rt ^a-r g? w'Kg i 
I g!g[ iSm ag ii 

a»l’W gfl^3 I HWf^? I 

«;f3 wiT-’Kf«si I II 

a m t gsm r «rgT?3 f^sr? i h« 13 q^« i 

1 ^f{ W's II 

^ifmsF ^3, tra g^, srr? i 

sinan g5«?, ^ »rsi? gfirf wt ti 

’My information aljont tliis author and his two works is 
based upon the ^5ri^fiSl^'5r^3I*nfl^T, published by the ‘ Jaina 
Granth Ratmlkara Knryalaya/ Bom1.)ay, 192ik and upon an article 
of Babu Jugal Kishore Mukhtar, published in the Hindi monthly 
Maina Hiteshi’ Vol. 13, pp. 103-107. 



APABHRAMSA LITERATURE 


177 


§13. Yogcmira or Dohasarn of Yog.‘V( 3 handra Muni 
(•on tains 107 Apabliramsa versos. ''l’'he metre of the 
work is 'dohd\ which allernates at one or two places 
only with a. ver.se in Sorathd oiv Chaupai^. Its lan- 
guage < 3 omes so near the modern vernaculars that we may 
call it old Hindi. It thus illH.strale.s the last stage of the 
Apabhramsa langiifige. 'riiis author may be identical with 
the author of Paramatmaprakasu (cf., p. 100 footnote). 
Pi. Nathurama Premi assigns the poet to the 12th century 
A.D. The subject-]riatter of the work is spiritual 
didacticism.* 

§14. A work, similar to the Yogasara, of YogacJiandra, 
has recentl.y been discovered by the writer. It is the 


'The work begins with the verse 

ftTWT55Wt»ir 'R%«rT I 

«n:<Tr gnrat ¥¥ ^ ii i ii 

-»• + + 

3*^ in? ¥¥¥!¥ i 

+ + + 

vi»gqr I 

X + + 

sit 4fT9lirC 3nf^<T3 I 

3itf 3ftf% q?fisi3 II 

+ + ' + 

«Tg I Wijtg I 

5^ ^Tf wtrar? i ¥%* afk* gftsra u? wwqmrq ii 

+ + + + 

^^*•5 W « 5it«RH gftWTT I 

I i(t$T II 


' Tliis work lias l uooiitly been piiblislic ti in ^Manika chandra 
l>i.^ambara .Jaina GranlliainHla No, 21. 
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Srdvakdchdra of Dewiisena.* It deals with the conduct 
of Jaina laity in about 250 dohd verses. The name 
of the author occurs in the last verse which is somewhat 
faulty in the MS.’ 

Five Prakrit works of Dewasena have already been 
published. According to a statement in one of these work.s, 
Dariifinaydru, Dewasena wrote in F. »S'. 990*. Con.^sidering 
the language of the Srdvakdchdra, wo would not be justified 
in identifying it,'^ author with the author of ‘ Darsana 
Sara’, and thus a.«.sign the work to as early a period 
as the 10th century A.D. 'riioro is, how'evcr, a circuni- 
.«tance, which induces me tx) think that the ‘ Sravakachara ’ 
may be originally the w'ork of the same Dewasena. 
The concluding verses of Nayctchakra, one of the works 
of Dewasena, tell us that the work was originally composed 
by the author in ‘Dohas’, Avhen, howevei', it was recited 
to one Subhamkarn, the latter deserved with a smile 
that the metre did not befit the subject-matter of the 

'The work begins thus : — 

iiTH « 

w»g mil 

f wis ifli 3fm, ^ i 

wfJw? ^ armtr swf, finr m na irii 

BfC > 

WT iWg ii^ii 

+ + + 

<ire mti »»wn[ ii 

XXX 

’![«T *r5snw viwT 3«rfit5 « 

’UTOT *«ii ^qift w ?i«wr wijs (?) 

*ir9r«; i 

^ *jrTf mf fpi iHfoa 

[ j 
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work which might be better turned into ' (jatha verses'. 
This was subsequently accomplished by a pupil of 
Dewasena, by name ‘Mailla dhavala." This clearly sliowa 
that Dewasena used to write in doha metre. Probably 
the use of this metre was new at tliat time and henct* 
it did not appeal to the said ‘ Subliamkara.' May be, that the 
J^ravakaehara is a work of this very author, but in that 
case it must be admitted that the language of the work 
has been tampered with. 

§15. Jayuiihuyana stotra of Abhayadeva mri, in 
point of language, belongs to the same category as the above 
(wo works. It consists of thirty verses only.* 

§10. There occur forty verses in the daily litual 
of the Digambara Jainas, which are purely Apahhram^a. 
Eight of these form the * Deva Jayamcda\ thirteen 
the ^Sdstra Jayamdla\ another tliirteen the ‘Gitrti 
Jayamdlcd and the remaining six the ‘ PaftohapctrameMhi 


d nw dilor vr«r^ ii 


“This work lias been noticed by Peterson in his Report. 
III. p. on p 24o. 

3wr fdpr^ir sra 

5wr fdf «nir *3™! ^ 1 

3wr «rwr ?nlir«r 

1*91 59Tf ^(9 II ^ II 

XXX 

<1*1 «cift*r 95*9r«i*ir 

d «Rr%*i 9*9 *T99s gfii«*ir «rf*9fe9[d 1 

•jw gqrer sanf 4 *t»9*i sif|9, 

9*1 9n9?^ft*t*9«r^ «W*r m«ii 


X 
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Jaymnala \ ' Of these, the first has been appropriated from Uie 
Yasodharacharita of ‘ Pushpadanta. ’ Yovy likely the rest 

gg gf «nqis im ii 

51*1 *afi»*i <n*r i srii i 

3T*i ^*T«r *Sr«?*i 1 5rq *jf%«r «r«fh» ii ? ii 

X X X X 

5f*i in« <n« i 5iq ^5«iT*ir 5T?r n « «i 

ijf snftiq *irTJr^‘, fftq f^stmf?, 9? tqf^flr 1 

«T*!r?*ir%* «rarT^%’, 11 *; 11 

X X X X 

9f f^qi3*ir, 5m^![fiTT*ii;r3*ff 1 

Rwrqifipiflfeftr, 11 ? 11 

f^fisNr 1 qfthr nq qqiT 1 

I ^jqiqqrHTftr Bifiiii;? 11 ^ h 
+ + + + 

f^iqrq? qrfti^g-SE qf ' ^ 5ifq*wr ftr*! qqr vr^ » 

w qft> ^q 5?fi[ i qrrqr ^ ^ « 

X X X X 

5i^qe ^quqr, *pT?qr, wqfir %?qq?Tf*9g 1 
^q isnr w?5rnf , fq vrwfng, qrosf^ q^ *Tfifqf ti % 11 

X X X X 

^ aq ?pT, ^^q^q^^itqr 1 

WqpcRR^, «w»5 H^q, ^ f^qr Wi qilfqT (I II 

*irrs[«q[-5f-3rf^q ^qr i qf iB^r*ir gqqrrqqft qw i 
^Rqf qrrqr ’'Kw qi*!icr i # f^r fqg w»? qr qn^ ii ? ii 

X X X X 

q*H qV qr 3lf qq gq qqql 1 g^q iSwt qqr #% fiM < 
qrf gqqiTg qfqi*qf*ff I 5*n qftqqqf gq qwrqqf ii ^ ii 
[ f^OT gqr J. G. R. K. Bombayd 
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liiivo also been taken from similar works, but T am, at 
present, nnnble to Iraee tbeir sources. 

§17. Among tbe lliirty seven short Hunskrit nntl 
Priikrit works preserved on a paper manuscript in the Jaiua 
{emple at JasAvantnagar (I"^. P.), there are ton works in the 
Apabhramsa language, namely, Sxmndhadasarm hiJici, 
llohini ridhdna Imthd, 3Inhtdv(di ridhdna kathd, Ananta- 
vvata hathancdca, Nirdoshasaptamt kathdnalca, Pdshapat- 
lahdi, Jincipuramlara kathd, Uddharana kathd, Jina- 
rdtnvidhdna kathduaka ami Solahakdrana Jayamdla. 
'Phe first two of these works are tlie longest as they (contain 
Iwo sandhis each, 'llie author of Jiohinividhdna kathd 
is Pevannwli mimi. Nothing is known about the autliors 
of the other works.' 

§18. On the basis of the Tntroduction to tlu* Bhavi- 
sayattakaha (Cl. O. B. No. 20) and the present article, a 
bibliography of the Apabhramsji literature so far discovered 
may be added. 

^Extract from Suftnflha hafta. 

«wni ’wtr ii 

+ + + + 

51% »ir , g%»!r %0f , sit jttsbt 1 

qr 'ii5r, afiftimg nf lUii 

i[% gH^ I 

Extract l*i*oin Iio/nnl vidhana imlha, 

’sg f5ir*T (f?%g i| 

+ + ■+ + 

5fhrf g%79f i 

5% far% 11 
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L— LAKGE WORKS. 

1. Harivam^apurana of Svayambhftdeva [Bh] 

2. Paumachariii „ „ ,, 

3. Tisatthipurisagiuinlanlcara of Pnshpaflauta. [Bh.. 

B. K] 

4. Harivanifiapiiraiia of Dhavala [S. K.J 

T). Neminaliachariu of Haribhadra [G. O. S.| 
f>. Mehesaraehariu of Simha.sena [J. B.] 

7 . Aradhana of Nayanatidi [G. O. S. | 

8. Sudar^ana charita of Nayanandi [S. K.] 

9. Yasodharacharia of Piishpadanta [Bombay, Bli. 
and B. K.] 

10. Nayakumaracliaria of Piishpadanta [B. K. ) 

11. Kathakosha of Srichandni [B. K.J 

1 2. Bhavisayattakaha [P. Municli, 1918 ; Baroda, 1 923-] 

13. Karakanducharita of Kanakamara [S. IC] 

14. Parsva Pmana of Padmakirtti [H. K.] 

IL— SMALLER WORKS. 

15. Paramatma praka4a of Yogindradeva [P.| 

16. Yogasara of Yogachandramuni [M. B. J 

17. Sravakachara of Dewasena [with the writer] 

18. Dasalakshana Jayamala of RaidhO [J. G.] 

19. Deva, Sastra, Guru and Pafiehaparamesthi Jaya- 
malas [occurring in the ‘ Nitya Pdja ’ J. G.] 

20. .Tayatihuvana stotra of Abhayadeva sOri rP.R. Ill, 

p. 245.] 
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21. Safljfiii Mailjari of Meghesvara suri [G. O. S.J 

22. Commentary on the above by a. pupil of 
Memahamsastlri [G. O. S.] 

23. Vairasamichariu of Varadatta [G. O. 8.] 

24. Pauraasiricharita of Dhiiliila [G. O. 8.1 

25. Autarafigasandhi [G. O. 8.] 

20. Chauraiigasandhi |G. O. S.| 

27. Sulnaakliyana [G. O. 8.] 

28. Bhaviya Kudiimbaracharita IG. (). 

29. 8andesarasaka [G. O. 8.] 

30. BhavansI s^iandhl [G. O. 8. 

31. Dohakosha jG. O. 8.] 

32. 8ugandhadasamikatlia. 

33. Rohinividhanakatha. 

34. Muktavalividhanakatha. 

35 . Anantavratakathanaka . 

36. Nirdoshasaptamikalhanaka. 

37. Fashapai kalia. 

38. Jinapurandara katliii. 

39. Uddharana katha. 

40. Jinaratrividhanakathanaka . 

41. 8olahakarana Jayamala. 

42. Prachina Gnrjara-kavya 8amgraha (G. O. 8. 

N o. xni.1 

Works ln* which Apabhramsa portions 

OR QUOTATIONS OCCUR. 

13. Prakrita Pingala [K. S.J 

44. Natya SSastra of Bharata, Chap. 32. 

N'o. 42J. 


1 

On a single 
MS. in po.s- 
session of 
f the .laina 
temple, Jas- 
wantnagar 
{IT. P.). 


[K. 8. 
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45, Bidcllia Heinucliandra, 8tli Adliyaya (G. C.] 

1(5. Kuinarapalacliarita of Ileuuicliandra (G. C.) 

47. Prakrit Sarvasva of Markandeya [P.j 

48. yarasvatikanthabharaiia [P.] 

49. J4a&'u4ipa of J)lianafijaya [P.J 

50. Dhvanyaloka of Anandavardhana [P.] 

51. Viki’amorvasi of Kalidasa, Act. IV. [P.J 

52. Prabandhacliintamaui of Merutuiiga [P.J 
5;J. Vetala paficha vimsatikil. 

54. Simhasaiiadvatrimsika. 

55. Kuniarapala pratibodha of Somaprablia [P.J 

[Pp. 3, 25, 38, 39, 57 and (1) Jivamanah 
karanasamtapa katha 

(2) Bthulabhadra katha 

(3) Dasarmibhadra katha,) 

oO. Upadefe Taraiigim of Rjitnainandira (P. Benaroi^) 
[Pp. 1, 04, 7(»J. 

57, Siipasanaha charla of Lakshmanagani 

[Benares, 1918J. 

Abbreviations used in the bibliography, which 
indicate the places where ^188. are known to exist, the 
publication, or the source of the writer’s information. 

Bh.=Bhandarkar Institute, Poona, 

B. K. = Balatkaragana J;nn Bhandar Karanja (Akola- 
Berar). 

G. O. 8.= Introduction to the Bhavisayatta kaha, 
published in the Gaekwad Oriental Series No. XX. 
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G. C.= Government Central Book Depot, Bombay. 
J. B.=Jaina temple of Bijnor (U. P.) 

J. G.=Jaina Grantha Batnakara Kaiyalaya, Bombay. 

K. S.=Kavyamala seriea, Bombay. 

M. B.=Mar»ikaehaudra Digambara Jiiina Gmnthamala, 
Bombay. 

P.= Published. 

P. R.= Peterson’s Report of Sanskrit MSS. Vol. 111. 
S. K.=Senagana Jaina Bhandar, Ivaranja, (Akola- 
Berai-.) 
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DEPARTMENT OF INDIAN VERNACULARS. 




IDENTITY OF THE PRESENT DIALECT- 
AREAS OF HINDUSTAN WITH THE 
ANCIENT JANAPADAS. 

nilTRENDKA VARMA, l\r. A.. 

T.ectnror in Iliiuli. 

1. Tlu! vernacular of tlio people- of HindusRin* 
♦•onsists of a nuinhei' of <lialect>i. According to the 
Tjinguistic Survey of India*, thes<i dialects form four 

groups, and eacli siieli group is regai-ded as a separate 
language in the Survey. Tims, Hindi is said to he the 
.•unalgaination of two entirely difllbreut languages, which 
have been given the names of Western Hindi and 

Flastcrn Hindi. Western Hindi has five <lialects under 
it, viz., Hindustani, Bangaru, Braja Bha.sha, Kananji, and 
Bnndeli; while Eastern Hindi has only tliree, viz., 
Awadhi, Baglieli, an<l Chhattisagarlu. Bhojapiui, IMaithili 
and Maghai ilialects are grouped together under the name 
o Bihari language. Finally, Rajasthani is regardffd as a 

‘Hindustan ia used in its restricted sense here. It signi- 
fies the whole valley of the Ganges with its tributaries as 

far as Bhagalpur in the east. It thus roughly includes the 

modern province of Delhi with the Punjab districts of Sirhind, 
the United Provinces of Agra and Oudh, the province of Behar 
excluding Orissa, the Central Provinces leaving out the four 
Marathi speaking districts, the Central India Agency and the 
Rajputana Agency. The word is used in this very sense by 
Sir G. A. Grierson in his Modern Vernacular Literature of 
Hindustan, preface, p. 8. 

“Linguistic Survey of India, edited by Sir G. A. Grierson, 

Vol. V., Part II. 

Vol. VI. 

Vol. IX., Parts I, II. 
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separate language with Malawi, Jaipiin and Marwari as 

its chief dialectic varieties. Now the areas in which 

these dialects are spoken coincide almost completely with 
the aneiemt .Tanapadas of Madliyadesa*, the name by 
which Hindustan was called in Pre-Mohammadan days. 

The connection was not lost altogether during tlu! 

Budhist, the Hindu and e\en in the Moharnmadari 
periods. 

2. Starting with the tlialects of VV^estern Hindi, 

Hindustani has naturally the first place. As a local 

vernacular it is spoken in \¥estern Rohilkhanda, the 
Upper Gangctic Doab and the Punjab district of Ambala. 
This ai*ea coincides almost completely with the ancient 
Kuru country, ft is point of some interest that the 
purest form of the dialect is spoken in the vicinity of 
the district where Hastinapura, the ancient capital of the 

Kunt country was once situated. 

This dialect is virtually, the lingua frani^a of the 

Indian continent, leaving out the extreme southern land 
of the Dravklas of course. The whole Urdu literature as 
well as the rising modern Hindi literature is modelled 
on the grammatical structure of this dialect. The rea.son 
is not far to seek. During the Mohammadan period, 
Delhi was the capital of India and thus the dialect of 
the surrounding distj'icts rose into importfince and was 
carrie<l away far and wide. The influence continues to this 
day. 

.‘3. Bdngaru <lialect, which is a mixture of Hin- 
dustani with the Punjabi and the Rajasthani languages, 
is spoken in that part of the ancient Kuru country wliich 
was given to the Pandavas by their Kaurava brethi’eii. 

It was hei’C that Indraprastha, the rival of Hastinapura, 

M. R. A. S.. 1904, P. HU. 

Fa-hian, Chap. XVI. 

Albornni, Vol. I. P. 198. 
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arose. In the Hindu and the Mohammadan periods, the 
cities ol I’hanesvara and Delhi were its rejn'esentatives. 
'rhe latter Avas once more destined to he the capital of 
the Indian Empire. This area includes the sacred land 
of BrahmiiARrta * of ancient times. 

Just as Hindustani is spoken along the upper 
course of the (langes, so Bangaru may be said to be 
spoken on the banks of the sacred Saraswati. The two 
areas are separated from (.‘ach other l)y the blue Vamuna, 

■1. Kanaujt is at present the dialect of the east 
central Doab and the country to its north as far as the 
Himalayas. 'I'lie area represents the ancient Panchala 
land but it has been much coniiaessed of latii by the 
expansion of Awadhi and Braja dialects on its either sides. 
To ha\’(^ a coirect idea of the extension of the Panchala 
country we shall have to include a tew districts from 
both of these neighbours. I’lie centre of the dialect is 
the city of Kananja, which is not far from the site of 
Kampila, the capital of King Drupada of the Panclialas. 
Like the ancient Panchala land, the area is still diAuded 
by the (hinges into the northeiai and the southern 
portions, though a major part of the northern Panchala 
tract, including the site of its capital Ahikshetra, has 
come under the intluence of Bi'aja Bhasha. 

This influx of Bmja Bhasha to the north of the 
(ranges is perhaps due to the (ronstant fioAV of the 
people of this part to the sacred plaxa;*s of Mathiua and 
Brindavana. Even to this day people annually visit 
these centres of Biaja Bhasha in veiy large numbers. 
Besides, there was no capital city in this pail of the 
countiy in later periods, Aliikshetra having vanished AA’ith 
Budhism. Such a c’cntre Avould have helped much in 
keeping the individuality of this portion distinct from 
its neighbours. 

' Mamisuirili, H. 17. 
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5. As opposed to Piinchala, the old ^urasona country 
must have been smaller than what the Braja-area 
represents it to be. Braja Bhanhu is at present spoken 
in the west-central Doab and also in the country to its 
north and south. It has already been stated that the 
encroachment of this dialect to the north of the Doab 
beyond the Ganges i.s of a rec'ent date, the river being 
tire natural boundary on this side. Towards the south 
also it has extended much beyond its proper jurisdiction. 
The pure.st form of the dialect i.s .spoken along the banks 
of the Yamuna, near Mathura and Brindavaira. 

It is tnro tlrat tluoughout the Hindu period Kanauja 
retained its supremacy as a political, literary and even 
social centre of Hindustan, and for that matter of the 
whole of Itrdia, but Mathura was the religious centre; 
and wr; know rtligion is abovr? (iverything else in this 
country. Moreover, the literary levival at Kanauja in the 
Hindu period was confined to the classical Sanskrit which 
could be under’stood only l>y the select few ; .so also its 
social dignity was extremely ortlaalox and aristocratic, 
but the establi.shmont of the Krishna wor,slrip in Braja 
at about tlie .same period and its revival by the Vaishrravas 
in the Moliammadair tinres were poprdar intrvemerrts and 
had far-reaching liberalising effect both orr literature as 
well as on .society. The Vaishnava, literatiu’o of the Braja 
Mandala is re.sponsible to a gi-eal extent for the expansion 
<rf the local dialect Ireyond its natural bourrdarnes. Ortly 
half a century back, Braja Bha.slra was the litei’ary language 
of Hindustan. The place has been usurped of late by the 
modern Hindu.stani. 

As political centres both Mathura and Kanauja were 
completely destroyed by the early Mohammadan invader.^, 
but Mathura had its rebirth in tlie beautiful city of Agra, 
the city of the Taj, which once ro.so to become the capital 
of the Mughal Erupii-e, wlnle the mighty Kanauja, the world 
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lamed Ganogyza of classical geography, seems to have attained 
Nirvana. To-day, a province is named after Agra, but 
what is Kanauja, not even a district town. 

(). Of all the Janapadas of Hindushin, Kosala or 
Awadh has loRiined its individuality to a great degree even 
upto the present day. During the Mohammadan jMjriod, 
when all these; ancient divisions were confusol in a way, 
Awatlh ultimately made itself separate under its famous 

Nawahs. To-day, under tlw; British rule, the '^I'alukedari 
system has kept it aloof from the sister province of 
Agra. 

But the present day Awadh, as represented by the 
Awadhi dialect as also by the political sub-division, is 
not quite the safue as the ancient Kosala. It has shiftix^l 
towards the west and the south, thus slightly encrotiching 
upon the old Panchiila. and Viitsa countries. Its eastern 
lM;)un<lary once touched Videha* but between the two now 
intervenes the dialect areti of Bhojapuri. Kosaki was situated 
oti tilt; Sarayu* but Oudh should be described as being 
situated on the Gomati. Ayodiiya, the ancient capital, is 

at present just near the eastern boimdaiy of the dialect 
area, where Awadh! ends ami Bhojapuri begins. 

There were several causes of the westward shifting 
of tliis dialect area, the first and the foremost being the 
vcinoval of its c^ipital from Ayodhya to Srav'asti. The 
latter was the capital of Kosala dming the whole of the 

Budhist period, and its influence on the life of the people 

must have been considerable. It shoukl be remembered 
that Sravast! was much farther up towards the north-west 
in comparison to Ayodhya. During the Mohammadan 
limes the centre of the activities of Awadh csinie down to 
Lucknow, which too is considerably towards the west Even 

bSatapatlia Iti’ahmana, I. t. i. 

‘'Ramayana, I. 5. 5 . 
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to this day Lucknow is the most important city not only 
of Oudh but virtually of the whole of Hindustan. 

In {mdent days, Kosala was perhaps divided from 
Panchala by the extensive forests called Naimisharanya, 

where the great Bliarata was repeated by Sauti to Kulapati 
Saunaka When these forests were cut, the people of 

Kosala seem to have occupietl the land, for they were 

expanding in that direction at the time. 

7. Since the revival of Hinduism, Kas!, the city 

of Visvanatha, has been the centre of religious activities. To 
a modern Hindu, it is the holiest place in the whole land of 
Bharatavtu^ha. In very ancient times, the court of the kings 
of Kasi was a great centre for religious discourees ; its rivalry 
with Videha was very gi’eat in this matter. The banks of 
the holy Saras wati or the sacred forests of Naimisharanya 
may dream of tlieir past glory but the city of Vi4vanatha 
even to-day stands supreme, equally for old learning and 

religious sanctity. It is, therefore, natural that the 

solid dialect areji of Bhojapnrt, the vernacular of tlie 
country round about Kasi, should bo so predorninmit. 
Just as the religious centre of Mathura has pressed 

back the Kanauji dialect from its natural vicinity, so 
has Bhojapuri encroached upon its neighbours, viz., 

Awadhi and Maitliili. The dialect has also sent a 

bHmch towards the south-east to Chhota-Nagpur but this 
is only a recent expansion. Here, the native population 

still consists of Kols ;uul fcjanthals and the area is 
covered with extensive forests. 

Bearing aside the small city of Jaunpm*, the 

Mohammadan kings did not make this aiea the 

centre of their activities, hence it had no political im- 
portance during the Medimval times. At present the 

area is hopelessly divided between the two provinces 
of Agra and Behar and these boundaiy people are 

lookal down upon by those who are in power. The 
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•ima is roughly separated from MaithilT and Maghai 

are.is by the rivers Gandaka and Son )-esix*ctivoly. The 
Sarayu flows across the whole tract. In Uie south, the 
Son is the natural boundary. 

8. Inspite of so many vicissitudes, Mithila or 

Videha of the ancient tlays, still keeps its individuality 
intact, though its fame as a seat of learning and 
scholarship has paled before that of Navfidvipa and Kai^T. 
The area of Maithili dialect more or less coincides 
with Mithila of old. In Budhist times, it was divided 
into tribal republics. In the Mohainmadan period, it 
did not take any part in the politics of the country. 

Like a retired scholar, Mithila never aspired to take 

a lead in controversies, be they political, social or religious. 

9. The dialect area of Maghai almost exactly 
coiresponds with the ancient land of Magadlia. Like 
Patah'pntra, the present capital Patna is still a boundary 
town. Magadha had considerable importance during the whole 
of the Budhist period. It was from this land that Budhism 
spread throughout India, and beyond to Burma, Cambodia, 
.lava, China, Japan, Tibet, Central Asia and Afghanistan. It 
was the seat of the empires of tlie Mauryas and the Guptas. 
Even in the epic times, Jarasandha had similar aspirations 
but they could not be realised on account of the rising 
power of the western Janapadas. 

10. According to the present survey, no dialect area 
marks out the Anga country. But this ancient country 
cannot be lost to us, for it was alive up to very lacent 
times as Champa of the Budhist period and Bhagalpur of 
the Mohamraadan times. 

About the southern Janapadas of Hindustan, our 
knowledge is still limited. Their ancient capitals aiti not 
so well-known to us. These vast territories are still covered 
with extensive forests and are, on the whole, sparsely popu- 
lated. 
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11. Strictly speaking, Ohliattisagju’li is beyond the 
natural boundary of Hindustan, but linguistically it is with- 
in it, for its dialect ChhatUmgm'ln is a variety of Eastern 
Hindi. The area is outside the Ganges \Yaterslied, being 
situated on the banks of the Mahanadi wliich flows across 
Orissa and falls direct into the Buy of Bengal. This dia- 
lect area 'represents the ancient Dakshina Kosala. In simpli- 
city, the jxHjple may be compared with the Bhojapiiriw 
who art^ immediately to their north. The aboriginal people 
are Gonds and tlio land is knowm iifter them as Gondwana, 
a name well-known during the Mohammadan times. 

12. Baghel'i is anotlicr of the Eastern Hindi dia- 
lects. It is spoken in Central India, to the south of Oudh. 
Tlie centre of the difdect is the Rewah state of the 
Baghcla Rajputs, after whom it is named. The upper 
course of the river Son falls in this tract. No ancient 
Janapada can be mentioned in the contri? of this area, 
but so much is certain tliat round about the place where 
Bdgh’eli meets Awadlii was the Vatsa country with its 
once famous capital Kausambi. The site of Pratishthanapur 
that legendry capital of the Chandra vamsis, is also situated 
near its northern boundary. Bince the time of the Moham- 
raadans the city of Allahabad feebly represents the vicinity 
of these famous capitals and is at present tlui capital of 
the United Provinces of Agra and Oudh. 

18. There is no doubt that the BundeU area repre- 
sents the ancient Chedi land, whence hailed Sisijpala, the 
born enemy of Krishna. The Betwa is the chief river 
of this region. Thi.s area contains the famous city of 
Mahoba of the Alha-Udal cycle. In mediteval times, tire 
Hindu kings of this country fought many a tough battle 
against the emperors of Delhi. To its immediate north 
is the Kananji area. 

It should be remembered that the extension of 
Bundel! and Bagheli dialects beyond the Narbada appeju*s 
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to be of a recent date. These areas gained much import" 
anf« at. the time of the Mohammadan invasion, when 
the Hindu king.s were driven from their hereditary king- 
doms in the fertile Gangetic plains and had to seek shelter 
in tliose forcst-elad hilly regions, 

14. Mahva is a vt^iy ancient land. Its old name 
was Avanti. It is .a. Ingh plateau, bounded on tli(‘ 
south by the Vindhya range and sloping gradually towards 
the Gangetic basin. Avanti is now represented by the 
dialect area of Mdlw%. Of late, the dialect lias advanced 
to the south beyond the Vindhya and the present boundary 
is the river Tapti and the Satpura range. It will appear 
a little strange that water falling in such distant cities 
as Bhupal, Indore, Ujjain and Udaipur should come 
ultimately to the Ganges. 

The Bhojas of these southern regions are mentioned 
in the Aitareya Brahrnana.’ Narwara, the capital of Raja 
Nala, Vidisa where the plot of the famous romance of 
BiTna is laid, Ujjaini the city associated with the names 
of Vikramaditya and Kalidasa, and Dhara the seat of 
the last revival of Sanskrit studies, arc some of the most 
important ancient cities of this area. The well-known 
stupa of Sanchi is also here. Malwa was always an 
important province dunng the Mohammadan peiiod. At 
present, die area is divided into a number of Hindu 
stiites, Indore being the chief of them, 

Bhils are the aboriginal tribes of the hilly parts of 
this country. I'liey live in large numbers in the Vindhya- 
ua forests. 

15. The area of the Jaipuri dialect represents the 
Matsya country of the epic age. It was counted 
with Kuru, Panchala and Surasena Janapadas and 
with them it was included under the common name of 


' Aitareya Brahraana, 38. 3. 
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Brahm:irslii(lesa’. The Haroti sub-division is a later expansion 
of the main people. Tlie royal families of Kota and Bundi 
are also offshoots of the central house at Jaipur. Both 
in the ancient and the Medimval periods, Jaipur and Malwa 
were the bases of th(5 iKH)ple of Tlindustan for their 
excursions to Giijnit and the Deccan. 

10. Marawfira, the uninhabit('d Marudesa of the 
ancients, is a vast desert country l)eyond the Aravali lulls. 
This was occupieil by the Kshattriyas of Hindustan when 
they were linally driven out from the plains by the 
victorious invaders. Mdraiomn is the dialect of this tract. 
Msirawara ma}' be said to be beyond Hindustan proper. 
'Fhe Mewari ai’ca, which is a sub-fli vision, should not be 
included in it. Mewara. cannot claim very great antiquity 
but with a single fort of Ohittor its importance in the 
histoiy of India can never Ixi forgotten. To its south- 
west, beyond the Salambar liills, is tlie fair land of Gujrat. 

17. Thus, an attempt has lieen made to show how 
the present dialect areas of Hindustan almost completely 
coiTOspond with the ancient Janapadas of Madhyatlesa. 
Attention has also been drawn to the fact that this link 
was more or less unbroken tluring the Buddhist, Hindu 
and even the Mohammadan periods. 

How could these Janapadas keep their identities 
separate for at least about thixx} thousand years is a pro- 
blem which needs a separate and a detailed treatment. Here 
only a few surface facts have l)een raentional in tliis connec- 
tion. Firstly, the very nature of these Janapadas, the 
sincient colonies or settlements of the Aryans, encouraged 
the existence of their separate identity. On the banks 
of important rivers, the forests were claired and the 
settlements were made at convenient plaee.s, with single cities 
called nagaras or pur an as their capitals. All tlie activities of 


'Manusmriti, 11. 19. 
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the settlement were concentrated at one point, namely the 
capital. 

18. This sort of concentration c*ontinucs to the 
Ijresent day, though the particular places may have shifted 
several times. In place of Indraprastha, the capital of tlie 
empire of Yudhishthira, we bid Thanesvara and Delhi, 
also capitals of big empires. In place of Mathura, Agra 
has come to the fore since the Mughal times. If Kampila 
and Ahikshetra were completely lost in oblivion, Kanauja, 
the glorious capital of Harsha’s empire, Look their place. 
Farukhabad, the Mohammadan substitute of Kanauja, could 
not fill its place when the latter was destroyed in its 
turn. This was j)erhaps due to the vicinity of Agra and 
Lucknow on its eitlmr sides. Lucknoiv is the unrivalled 
city in Oudh, what Ayodlij'^a once was in Kosala. Kasi 
stands unchanged since very early times. Rajagriha, the 
capital of Magadha, was replaced by Fataliputra ; the 
latter with its slightly (^hanged name Patna is even to-day the 
iKipihil of Behar. Perhaps the mighty Patiiliputra could not 
see any rival in its vicinity, henc;e the absence of any important 
town in Mithila. Both Janakapur and Darbhanga seem equally 
dreamy and unreal to the present-day people. If the dialect 
area of Anga could be restoiml, Champa of the Biulhist days 
and Bhagalpur of the Mohammadan and even modern times 
could be counted as its t^entres. About the capitals of the 
southern ai-eas, much is not known but TJjjain in Malwa and 
Viratanagara, Amber and Jaipur in the Matsya country are 
too well-known to i-equhe any special mention. 

19. Moreover the people of Hindustan are not 
migratory by habit. To counteract it, there have been 
sweeping human floods and other distmbances. In such 
cases what most probably happened was that the j-xjople 
bent down and the flood passed over them. Of course, 
there must have been some losses as well as additions 
but gradually the old people assimilated the new elements 
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and iigain twined round their capihil, be it Ayodhya, Sravasti 
or Lucknow. This is why the ancient Janapadas of Kuru- 
Panchala, Sursena-Matsya, Kosala-Ko^T, Videha-Magadha, 
Dakshina Kosala-Vatsa, and Ghedi-Avanti, which flourislie<l 
in the tentli century before Christ, are still living in the 
twentieth century after him in the dialect-areas of Hindustani, 
Kanauji, Braja Bhashti, Jaipuri, Awadhi, Bhojapurl, Malthill, 
MaghaT, Chhattisagarhi, BaghelT, IhmdelT and Malwi 
respectively. 

20. In face of tlic overwhelming proofs in favour 
of the proposition it may be hoped that certain dis- 
crepancies, e.y., the loss of the dial(!ct-ai’eas representing 
the Anga and Vatsa Janapadas, (;ould be made good if 
another thoi-ough and accurate survey were mtide under 
the suiXTvision of experts. It sliould bo remembered that 
tluj present linguistic survey is tifter sill a pioneer iitteinj)! 
of its kind. It is ti strong proof in favour of the 
suggestions mtidtj here that the survey, which was not 
made with this motive, should so thorouglily nweal the 
existence of tlie different ptiople as they once flourished 
in very ancient times. In fact, :i map of the present 
dialect-jireas of Hindustan prepared on the basis of the 
diita gathered in the light of today, appears to be a 
map of tin's country of the tiim? when the great Ijattlo 
was fought on the fateful field of Kurukshetr-.i'. 

'F'or Tliinti version of the paper see N. 1*. Sablia Journal 
VoJ. Ill, Part 4. 



Chart showing the existence of the ancient Janapadas at different 
periods under different names. 
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THE DOCTRINE OF CONSEQUENCES 

IN 

MARTINEAU’S ETHICS. 

N. C. Mukkrji, M.A., 

Lectni-cr in Philosophy. 

Martineau develop.s liis intuitional position by pointing 
out, firsts that it is the inward spring of action that gives 
value to it. An action, according to him, unfolds the 
following stages: (1) the sentiments whence it springs; (2) 
the muscular movement in which it visibly consists ; (8) 
the consequences in which it issues. If we cut o\it the 
first, tlie other two, he points out, lose all their moral 
quality ; “ the muscular movement becomes spasm or sleep- 
walking; the consequences become natural phenomena.” But 
not so, if we stop at the fir.st; “else would guilt return 
to innocence by being fnistrated, and goodness go for 
nothing when it strives in vain.' Secondly, it is pointed 
out that the knowledge of light and wrong as revealed 
in a gradual ranking of our springs of action as higher 
imd lower, is immediate and underived. It is sui generis 
and cannot be resolved into any other order of knowledge. 
Questioned as to his proof of it, Martineau’s inincipal 
answer is an appeal to inward experience. “To the very 
nature of moral discernment it is essential,” he points out 
“that it be spontaneous, ready to meet the first occasion of 
moral experience, and that it be not therefore itself a product 
of experience. The more we appreciate what ohligation 
means, the more shall we rest in the psychologically indigenous 

^ Types qf Ethical Theory, Vol. II. pp. 25-6. 
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chfOracter of its conditions, without any hankering after 
the process of derivation for them.”* 

Having thus made sure of his intuitional basis, Mar- 
tineau proceeds to face the argument from consequences 
in morality. He expressly repudiates working out a code 
of morals from merely intuitive dat;i. There are two chief 
types of ethical doctrine, he points out, “of wliich the 
one b(!takes itself to the inward impulses, and finds an 
order of natural ranks among them ; while the other resorts 
to the outward products in conduct, and applies a calculus 
of happiness for their advancement.” “ Notwitlistanding” 
lie continues “th<iir seeming opposition, ejich doctrine 
speaks with a telling voice to some part or other of our 

nature And each too, it must be confessed, seems to 

leave us with a want unsatisfied.” “ Can we then” ho enquires 
“distribute to each its proper part? Or must they treat 

one another as irreconcilable enemies, and fight it out till 
the sole empire has been awarded by the reason of 

mankind ?”* 

How then does Marti neau distribute the proper 

parts and comnliatc the enemies? 'Fho most considerable 
pass:igo where Marti neau discusses the appeal to conse- 
quences occurs in Types. Vol. IT, pp. 275-6. 

Martineau allows of two kinds of appeal to 

consequences. Before we take it up, however, we should 

note Martineau’s division of the effects of action into two 
classes. “ Fh’st, there is the direct gratification of the 
impulse, whence the action proceeds; and secondly, there 
are the indirect and collateral consequences reflected 

back upon us from the world around on which the act 

is thrown, and where it sets new agencies at work”*. 
The first kind of appoiil to consequences allowed by 

'Types, Vol. II. p. 73. 

’‘Seat of Authority, pp. 79-80 

^ Types, Vol. II. p. 74. 
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Martineau deals with “ tlie direct gratification of the 
impulse whence the action proceeds” (here, we are under 
the first head of Martineau’s classification of the effects 
of action — “the direct consequen(x.*s”, as he puts it), su(!h 
as the pleasures of knowledge folloAving on the exercise 
of the impulse of knowledge, the pleasim^s of ambition, 
following on the exercise of the impulse of ambition, 
the pleasures of sympathy following on the exercise of 
the impulse of sympathy, and so on. “ Of what kind 
tlie gratification (of the impulse) will be we do not 
know beforehand^, but after w'e had the gratification, in 
the thought of the impulse, the gi’atification is implied. 
“In proportion as the springs of action are self-cons(!ious, 
they contemplate their own effects, and judgment upon 
them is included in our judgment of tlie disposition”. 
Thus we can appeal on behalf of an impulse, to the 
pleasures of its gratification, without being hedonists 
ourselves. “The computation (of ple;usund)le and painful 
consequences) is already more or less involved in the 
preference of this or that spring of action*. “ ]'*rudence” 
and “ Expediency ” thus ai-e brought ba<;k into the Intui- 
tional fold, baptised into an appreciation of the value of 
things in themselves and purged of their hedonistic 
leaven. We can, for the sake of clearness, speak of 
H higher or lower “Prudence” and “Expediency”, if w'o 
like, but they are there. 

The second kind of appeal to consequences allowixl 
by Martineau has reference to tlie situation whore, after 
selecting the spring of action, we are in doubt as to 
tlie particular manner of satisfying it. (Here we are 
dealing with the second head of Martineau’s classification 
of thel effects of action — “ the indirect and collateral 
consequences reflected back upon us from tlie world 

’ Types, Vol. 11. p. 73. 

^ Types, Vol. II. p. 275. 
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around on which the act is tlirown, jind where it sets 
new agencies at work”). We have a number of courses 
open as to how best to be benevolent, e.ff . — Shall I 
help a needy person with ready money? Shall I give 
it all together, or in instalments? Or, shall I help in 

kind ? “ These questions, ” ixiints out Martineau, “ it would 

be al)surd, and, except to a fanatic, impossible to settle by 
any pretended intuitive light; they can be resolved only 
by cjireful study of each scheme in its natural working 
on the well-being of all whom it affects.” Thay can 

only be settled, in other words, by practical knowledge. 
As Martineau continues: “If conscience selects the right 
affection, utility determines the fitting action ; nor, without 
consulting it, is there any giunantce against the pei*petration 
of well-intended mischiefs, which may bring the purest 
impulses into contempt Viewed in this relation, the second 
doctrine supplements the first, and steps in to remedy its 
imperfect competency. Only, it must not enter before its 
time: not till conscience has spoken, is utility to be taken 
into counsel; it has a diploma for the executive Art of 

Ethics; but is an impostor in the primary science.”^ 

It is, however, in a desire not to compromise con- 
science that Martineau is led in liis exposition here to 
sharply antithetical statements, wliich suggest that he is 
wrenching things out of their true joint. The distinction 
between a well-meaning fool and a practically successful 
man, he says, is one of niei’o judgment and not of 

character. But if we succeed in converting the fool by 
“intellectual persuasion” and not “the machinery of moral 
correction”, we surely cannot speak of our having saved 
him in future, as Martineau has it, from a blunder 
only and not from a sin*. Such a statement will 
itself be a blunder, if not worse! 

^8eat of Authority, p. 81. 

"^Seat of Authority, p. 81, 
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Martinean, it must be admitted, leaves in his standard 
ethical writings (the Types and also the Seat of AutJwrity) 
the relatiouslnp betwc>en Intellect and Morality very dubious. 
We, however, do not have Martineau’s whole mind here. 
The corajilomentary thought without which the sharply 
antithetical relation of intellect and morality given above 
becomes misleading, we have in a letter of Martinciiu’s 
on the subject’. Speaking to this very’^ point, Martinean 
writes! “Strictly speaking this is rather a rational than 
a moral act;” “but”, he adds, “it Iwicomes moral at second 
hand, because leason itself cannot exist, without responsibilit}’’ 
in a nature entrusted with itself ”. The letter from which 
we have made the extrax^t was written in reply to criticisms. 
But this complementing of his position w'as not a later 
afldition, in the nature of an after-thought. In one of his 
earliest essay.s, we find the following: — “There are reasons, 
imchangcable as the corporal frame of man, why opium 
should not be taken as an article of food, and why eojisins 
should not intermarry. But the grounds of prohibition in 
these cases are rational, not moral] they ai*e found in the 
outward effects, not in the inward sources, of conduct; and 
only when its outward effects are known to the agent, so 
as to enter among its inward .sources and modify its meaning, 
does he pass from tinwise to immoral.'*''^ That the “unwise” 
after we have knowdedge of it becomes “immoral” and the 
outward effects of conduct, after they are known to the 
agent, enter into its inward sources and modify its moan- 
ing — these are the complementaiy parts of his doctrine 
that we have to remember, if we are not to convict Martinean 
of an ultimate contradiction, as we read his summing up 
of the subject in the Types : “ Thus, in the solution of all 

’Qaoted in Dr. Estliu Carpenter's ''James Martineau", 
P. 559, f.n. 1. 

^Studies of Christianity : Essay on “The Ethics of 
Ohristendom. ” 

27 
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ethical problems, we have successive recourse to two 
distinct rules: viz., the Camn of Principles, wliich gives 
the true Moral Criterion for determining the right of 
the wise ; and then the Canon of Consequences, which gives 
the Rational criterion for determining its wisdom. The 
former suffices for the estimate of character) but for the 
estimate of conduct, must be supplemented by the 
latter.”* 

Martineau has allowed of two kinds of appeal to 
consequences. The first is, as we have seen, where the conse- 
quence stands for the pleasure which the satisfaction or 
exercise of the impulse, from which the action proceeds, 
directly brings to the agent. Here w(‘ have only the direct 
consequences of action in view. 'Die second kind of appeal 
is where the consequences decide as to the means to be 
employed for the satisfaction of an intuitively selected impulse. 
Here it is indirect and collateral con.sequenc*es that are in 
view. But, when we examine our moral thinking, we shall 
find a third and jx^rhaps the most important kind of the 
appeal to indirect and collateral consequences — viz. 
where we are in doubt as to our duty. We have here 
a number of competing springs to choose from, and do 
not know which should be selected under the circum- 
stances. We therefore proceed to discover it by a follow- 
ing out of the indirect conse(juences of each compet- 
ing spring and thus comparing them all together. Does 
Martineau allow of this, the most important type of the 
appeal to consetjuences ? Martineau, it is true, does not 
discuss it in so many terms; but it is implied in his 
doctrine of moral judgment. Martineau, for example, 
points out that his table of springs is not to be taken 
irresp(JCtive of the context of our circumstances. “We 
are to accept,” he says, “our rival incentives at the 


^ Types, Vol. II. pp. 275—6. 
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hands of circumstance and consider that our duty begins 
with their arrival”/ This analysis of circumstances, what 
is it but another name for the weighing of consequences 
with a view to finding out the particular spring of action 
suited to it? We take up the consequences (the indirect 
avd collateral consequences, be it remembered) of one 
spring after another and accept the one which does most 
justice to our circumstances and eliminate the rest. There 
is no other way but this of arriving at clarity and 
sanity of moral judgment And this last and final appeal 
to consequences, we also find allowed and implicit in 
Martineau’s theory of judgment 

To-day the concrete identity of motive and intention 
is one of the commonplaces t)f ethical thought But 
the discussion of all the implications of the question in 
their wide ramification, and with an eye to fundamentals, 
seems to tis to be Martineau’s gi-etit contribution to the 
subject 

N. C. Mukerji. 


’ Typen, vol, II. p. 267. 
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INTRODUCTION. 

Our age, inspito of its^iove of Catholicism and humani- 
tarianism is in many re.spects essentially individualistic, and 
our conceptions of human progi’css and our ideals of human 
freedom are vitiated by the same imperfections which 
characterisetl the thoughts of the eighteenth century. It is our 
indifierence to the great lessons which the nineteenth century 
imparted Uj humanity at large, that is resjx)nsible in a 
large measm'o for the csitaclysm to which we {U*e driving 
ourselves — a cabiclysui which overtakes humaiuty as often 
as man’s attitude stops at the “everlasting no.” The only 
difterenco between the disaster which is awaiting *us in 
the near futui’C and that of an earlier age appears to be 
this that while the latter affected Europe {done, the effects 
of the present “ Aufklarung ” aie likely to be co-extensive 
with the world. The enlightenment has been aptly described 
as a “crisis and a revolution in the history of tlie world 
and of civiliz{ition, a movement that penetrates into {ill 
depai’tments of life, that began in the eighteenth century sind 
still continues, so far as the mass of the people in our day 
is in the condition which at that time was characteristic 
of the few.” As a matter of fact in the name of a 
tlemocratic ideal and human emancipation what we are 
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actually 8tri^^ng for is the unmolested supremacy of the 
individual over everything else ; and it is perhaps high time 
for us to realize that an extreme emphasis upon the abstract 
individual can leatl to anarchy but no democracy, and the 
self-refutation in this case is not less inevitable than in abstract 
univei’salism. If it is important to remember that the whole 
is for the parts, it is perhaps more important to insist that the 
parts have no significance apart from the whole and that 
everywhere order and harmony presuppose an amount of 
subordination and plasticity on the part of the individuals. 
There can be no law of die moment becau.se an abstract 
moment is the very negation of that permanence and stability 
which a law implies. If the momentiiry fragments of my 
conscious life be not held together by the unity of a law 
which is more than these fragments, and similarly if the 
caprices of the exclusive individuals he not subordinated 
to a whole which is over-inch'\n(lual, there (ian be neither 
self nor society. In one ca.se, it is a “ mere manifold ” 
without the unity of self-consciousness, as in the other 
it is an absolute anarchy without a community of puipose. 
Hence whenever the alistract individual of the moment is 
emphasized at the expense of the whole, it inevitably leads 
to disintegration in every department of life. In politics, 
it leads to the theory of “ natural right ” which essentially 
undermines the foundation of political obligation; in ethics, 
it leads to individualistic hedonism which ultimately dis- 
solves morality into selfish pursuit of pleasure; in religion 
it leads to pietism which spurns at all creeds jmd insists 
on a non-ecclesiastical or private form of religion ; and 
finally, in philosophy, it leads to scepticism and distrust of 
reason, thus overthroiving the ultimate principles of know- 
ledge and expei'ience. In fact, when lA)cke says that man 
is bom with a title to perfect freedom, and an uncontrolled 
enjoyment of all tlie rights and pmdleges of the law of nature' 

^ Civil Government, Ch. VII, Sec. 87. 
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it is the application, in the political sphere, of the same principle 
which underlies his views on tlie “simple ideas,” the principle 
namel}^ that the particulai’s have a natiiie of their own 
apart from the whole to which they may, but need not, 
belong. This is just what consistency requires. It is as 

impossible for Locke to give priority to the whole in 
politics while insisting on the supremacy of the parts in 
the theory of knowledge, as it would be impossible for 
Hooker and (Irotius, Hobbes and Rousseau, to vindicate 
the superior claims of the individual in their politics and 
at the same time emphasize the importance of the cate- 
gories in their epistemology, if they bad taken up the 
problem of knotvledge at all. 

This individualism, whicdi is characteristic of the 
empirico-milistic attitude of mind, is everywhere due to 
an imperfect view of the individual. It emphasizes an 

element of reality in its abstractness from the whole, and 
does not see, to borrow a phrase of Mr. Bosanquet, the 

self-transcendence of the individual. Each atom is sup- 
posed to be a hard nucleus impervious to others, and 
their relations to one another are then thought to 
be purely extrinsic ; so that their belonging to one 
world is after all a mere accident and is not essential 
to their intrinsic nature. This is the real significance 
of individualism which is equivalent to abstractionism, 
'rhe realistic mind, says Mr. J. W. Scott,* stands idly 

before the given... abandoning all attempts to construct it 
trying simply to tal't it, muttering to liimself in succession, 
“just this”, “this here", “this here now", “this out here now”. 
Tliis realistic temper, as he attempts to show through the 
doctrines of Bergson and Russell letids to the narrowness 
of current industrial movements of Europe. It favoure the 
multiplication of small organisations “ so that the individual 

^Realism and Politics, article in the Proceedings of the Aristo- 
telian Society, 1917 -18. 
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who cannot get scope for liiraself in the service of a great 
wide state may l>e able to select a sphere which suits him 
and get scope there for that in him which the wider 
world has no use for.” Mr. 8cott lias rightly ti*aced the 
origin of individualism to the rcalistie attitude of mind, for 
the realistic abstraction of the external world from the knowing 
mind is but a particular application of a more general 
principle — a principle which underlies the common sense 
interpretations of experience as well as the realistic and the 
empirical methods in philosophy. 

THE KEALTSTK^ DOGMA. 

'I'lie object of the following lines is to lay bare 
what appears to bo the fundamental fallacy in some of the 
cuiTcnt streams of [ihilosophical speculations, 'riie semblanccj 
of advance which they are generally supposed to have 
made is due to our not realising the exact nature of Kant’s 
answer to Hume, the consequence being a repetition of the 
“ Humian fallac}’^”. It is true that the elements of pre-Kantian 
ompincism have been alread}'' found to be present in pragma- 
tism and contemporary resilism, and the critics have been 
pointing out tlie gaps and shortcomings of the empirico- 
realistic analysis of experience. But the very fact, that 
the modern sjioculations are apparently unaffected by 
these critical reflections indicates that the root-fallacy of 
the empirical philosophy has not yet been detected. In 
fact, the substantial coiTCctness of Hume’s position and 
its nnassailability have been recognised not only by the 
realists and the pragmatists of our time, who avowedly 
build their speculations upon the basis laid by the 
Scottish sceptic, but this recognition has very often come 
from quarters where sensationalism and empiricism are 
supposed to be exploded doctrines. The necessary implication 
of this of coiu’se is, in the words of Dr. J. H. Stirling, 
that Kant’s vast transcendental machinery is a signal 
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failure.’ Kant’.s works, it is well known, were the results of 
reflections uj,H)n various px-oblenis of his time. His special 
Intention was to enquire if the ixxsitivistic mill mechiinical 
view of the wovkl were not ultimately reconcilable with the 
tlemanils of moral and religious consciousness; and this 
spirit of mediation is prominently present throughout, the 
arguments of the critique of Pure Heason. It may not 
be possible for all of us to accept his aiguments and 
results in detail. His theory of the a priori elements 
of experience may be a remnant of the rationalistic 
school, his views on the Ihing-io-itself and noumenon 
may have been due to a realistic bias from which he 
Jicver freed himself, and so on. But this should not 

blind us to his permanent contributions to philosoph}^ 
specially to ejnstemology ; yet f fVm‘ this is just what 
has happened. 'Phe peculiar a.sixicts of liis teaching have 

exercised and me still exercising such a harmful influence 
upon many of his readers that they are slow to lecog- 
uise the value and significance of even the central 
epistemological contentions of the Critique. It is necessaiy 
therefore to bring the permanent elements of Kimt’s 
philosophy into a focus which will at lejist have the 
use of determining the lines upon which alone the Kantimi 
position admits of further idaborations. 1'hat such ai 

focalisatiou is absolutely intlispensable for any rejd advance 
of speculative thought is amply evident from this that 
the old exploded theories are again struggling for life 
and even supremacy in our own times, fortified Ixy 
mathematical researches and outlandish dialectics. This 

(nrcunistanc*e sufficiently ixears out Green’s rcanark that 
each generation requires the question of philosophy to be 
put to it in its own language, and unless they are so 
put, will not be at the pains to understand them. 

^Mtud, JSS5. 
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111 tlie following linos?, 1 confine myself to tlie 

exposition tinil crilionl consideration of that realMtie dogma 
which was ut tlie liasis of llinne’s scepticism and whicii 
is the ultimate basis of eveiy rijalistic or pluralistic 
metaphysics. Indeed to characterize Hume’s philosophy 
as the self-refutation of stinsationalism is to miss the 
deeper foundation of sensationalism itself. It tvas the 

realistic assumption of [)i*e-Kantian empiricism which 
workofl itself out in the hands of the Scottish sceptic 

whose failure to make JaicIo' consistent was but an 

indic-ation of the self-contrailictory nature of (lie funda- 
mental ((jalistic tlogma. 1 'be general impression that 
Hume’s was a sensationalistic philosophy and that Kant 
laid liaic the fallacy of the jdiilosophy of abstract feeling 
has had its disastrous consequences. Unconscious of the 
tieeper foundation of empiricism, and interpreting Kant’s 
criticism as a mere iutellectualistic retort to sensationalistic 
exaggeration, contemporary thinkers are falling victim to 
the same realistic dogma which Hume thought it beyond 
his power hi abandon and which Kant, foimd beyond his 
powder to accept. This is siucly subversive of the real 
object of philosophical activities. My aim thcichiro is to 
show, in however imperfect a form, that Kant’s answer 
to Hume has thoroughly undermined the only basis ujwn 
which all forms of realism must ultimately stand, and 
consequently the realistic and empiricjil philosophies of 
our time, in spite of what value they may possess for 
students of philosophy do not represent a. real development 
of thought. If we attempt a brief formulation of the 
underlying principle of empiricism it will bo foimd to 
consist in the assumption that the “unconnected manifold” 
have a superior reality in comparison to their unity. From 
this assumption follow several others namely, that the 
object is but an assemblage; of different sensations held 
together by the arbitiiuy lionds of association, the self 
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is likewise a bundle ot' perceptions which may as well 

be conceived as not forming siu^h a bundle, and the 

relation between tlu' object and the self is purely 

mechanical so that tlic cognitive relation which brings 
them together has no effect upon their intrinsic natures. 
In .-dl these, the distinctions arc einphasizeil at the ex- 
pense of their unity, and the inevitable result is atomism, 
'riiis atomism expresses itself in various forms in Hume. 
It is not only apparent in his account of the self and 
the world, })ut is the fundamental thought underlying 
his conceptions of the critfaion of triitl», the nature of abstract 
ideas, space and time, no less than his analy.sis of man’s 
moral nature and politieid obligation. His method every- 
where is the same. He picks out the momeubiry as- 

]XX!t.s of the coucret(j reality, considers them apart from 
each other, and emphasizes them in their abstract character 
to such ail extent as to J'ednee their relation and unity 
into more illu.sions or words without meaning. Hence 

his injuiKition that if in philoso{)hy a word is used 
witliout moaning, the bo.st course to oxpo.so it is to ask 
for tho impression from which tlio idea has been derived. 
Nominalism, solipsism, individualism, and .scopticism which 
are so characteristic of Hnmo’s writings are but the 
natural ro.sults of tins original abstraction. Now, Ka.nt’s 

answer (o Hume ironsists precisely in pointing out the 
error of this ab.straetion. His ininsceudontal enquiries aim 
at bringing out the <!onditions of <lie reality of the 
particulars, tliosi? a priori conditions widch, tliougii not 
clearly realized by us at every moment of our conscious 
lives, are yet presupposed by the particulars. Thus, in 

tlie Critique of Pure Renftou, his (witentions are that 
the manifold are what they are hecanse of their .spatial 
and temporal relations whi(!h hind them together, the 
object is what it is because of its relation to other objects 
and ultimately to the subject, an event is what it is 



oil aeoonnt of its lelalioii to aiiotlior previous (^veiit, anil 
so on. 

When \v(f eoui(' to oontomporary philosophy in its 
realistic aiul empirical forms we find that inspite of the 
gulf that separates these modern thinkers from Locke 
and Hume, they are faithful followers of the latter so 
far as their fundamental tenet is concerned. This tenet is 
essentially that of Locke and Hume ; namely, that all the 
existing things are “ distinct existences ” having no neees- 
saiy relations among them, 'riiat is, the fundamental 
assumption of these current philosophical streams is that 
the different iieings have substantial existences, and their 
lelations aie hut extiinsic in the sense that they make 
no difU'rencc to the tiTuis between wliich they hold. 
Ijike Ijoeke’s simpU; ideas they “carry with them in their 
own nature no I'isible neiicssary connections or inconsis- 
tency with any other simple ideas”* The consequences 
of this position in the current philosophy are similar to 
those of the liockian and the Humian speculations — 
nominalism, solipsism and .scepticism. Indeed it requires 
a little caieful scrutiny to <liscover that the whole of 
the pri^Kantian empirici.sm has been revived in its 
essential respects under the names of jiragmatism and 
neo-realism, while, the ]iermanent. contributions made to 
pliilosophy by Kant l^-n'C lieen lost in the l>reathless 
haste for original system-bnilding. It is true that the 
(‘inpirical method has been sometimes differently formulated, 
'rims Mr. Alexander points out that tla^ word empirical is 
intended to mean nothing 11101x3 than the method used in the 
special sciences, it is equivalent to experiential.* Similarlj% 
Mr W. James identifies it with the natinxd science method, 
in his preface to the Principles of Psychology. But the 
philo.sophical contrn.st between non-ompiricfal or a priori 

^ Essay ii. 3. 

^ Sparc, Time and lOlrty, Vdl. 7, p. 4 , 
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nietliocl nnd tlio (‘iiipiriool method (iui Im* articnlated only 
when we Forninlate llie former as .hat wliieh goes from 
the whole to the part, from tlio unity to the diversity; 
while the latter is described as that which goes Irom tht^ 
part to the whole, from the diversity to the unity, 'riiis 
contrast is aceentuatetl in several jiliie’cs by dames himself, 
when he says that the most pregnant difference between 
empiricism and rationalism is tliat empiricism means the 
habit of explaining wlioles by parts and rationalism means 
the habit of explaining parts by wholes.' 'riie difference, 
he points out further on, betwcon monistic idealism and 
radical empiricism leads to a great question of vital 
impoitance “the question, namely whether all the relations 
with other things, possible to a Ix'ing, art' pre-included in 
its intrinsic nature and enter into its essence, or tvhether, 
in respect of some of these relations, it can he without 
reference to them.” Empiricism according to him must 
decide in favour of the latter alternative, because wheji 
the manuscript is on the desk the relation of being “on” 
does not seem to implicate or involve in any way the inner 
meaning of the manuscript or the inner structure of the 
desk.’ This externality of relation is the fundamental, and 
from the philosophical stand-point the most important, point 
which unites contempoi’ary realism with pragmatism and 
distinguishes both of them from intellcctualism, idealism and 
rationalism, “The theory which tlio realist finds usal so 
frequently by hi.s opponents” is “the theory of internal 
relations” which hold that “the parts or elements are all 
constituted by their relations to all other parts in the 
complex ”.* R<>alism, on the otlier hand, must insist 

’c/. Essays in Hadical Empiricism, 2 ). 41 ; A Pluralistic Uni- 
verse, p. 7 ; Some Problems of Philosnj)hi/, p. 35 ; Preface to HC.ffct- 
iag’s Problem of Philosophy. 

"rt Pluralistic Universe, j). 80. 

^ Neiv Realism, p. 165. 
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OH llio iheory of the oxtf-rnalily of relations and 
)‘eoognih(‘ ilial. llu; terms are in no way alteml 
by tli<! relations established Ixitwecm them and that the 
entity does not lose its identity by being a constituent of 
difterect complexes. 'I'his, according to Mr. Russell, is the 
indisputable basis of malisra. Thus it is clear that botli 
prsiginatism and rc'alism look upon the w'orld as a collection 
or aggi’egatt* in which all the existents are relatcxl to one 
another by the relation of and. 'I'his awl, .says Mr. Russell, 
represents a fundamental way of etmibining terms'. One is 
imisistibly rorninded here of Locke’s delinition of substances as 
colkjction of idcfis, or Berkhjy’s conception of the idea entering 
into an (External and non-modifying i*elation to the percipient 
mimi, and iinally of HuuKi’s <livision of philo.sophical relations 
into I wo classes, those that deixmd entirely on the ideas and 
those that may be changed without any change in the 
ideas. TTore in the pre-Kantian empiricism we already find 
traces of the theory of externality of relations, and it 
matters little Avhether the terms between which the relations 
obtain be calknl ideas or entities, impressions, or existents, 
sensa or charactxa-complexes. 

T\) put these contention.s in a. clearer light, we must 
try to ascertain, in a little moie definite way, the exact 
nature of the movement which ended with Hume. 

b'ROK HUME TO KAN'r. 

'riie transition from Hume to Kant has been variously 
conceived. Hume is generally believed to have brought 
out tlu; inner implications of sensationalism, and so the 
transition from Hume to Kant is characterised as one from 
.sensationalism to intellectualism. Thus, Green concludes 
liis .searching criticism of empiricism with the remark that 
“the philosophy based on the al)sti'action of feeling. ..was 

^ Priticiples of MaUiprimtics. p, 71. 
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witli Huluo played out,” and the next step fonvard repre- 
sented by Kant and Hegel was “an effort to i-e-think the 
process of natnre and luiinan action from its true beginning 
in thought”. It is also eustomaiy to characterise the 
transition us one from scepticism to criticism, from empiricism 
to rationalism or linalljr from atomism to transcendentalism. 
These chai’aeterisations are of course all tnie in their own 
ways, but they do not exhaust the manifold features of the 
gieat epoch wliich Hume terminates, and what is more, 
they <lo not perhaps accentuate some of the momentous 
chai'acters of that great movement, it does not appear to 
liave been suflicienth’ recognised that underlying the surfaw 
curi'cnts there was another of <leeper iiuport and of more 
far-rejiching consequences. '^Phis deeper movtanent of thought 
may be adequately descnbctl as a movement from realifmi 
U) idealifini or from jflurulhni to monisiii ', and a closer 
inspe<*tion shows tluit it was not only the philosophy which 
was built upon the abstraction of feeling, but also the realistic 
and the pluralistic philosophies which were ]dayed out with 
Hume. 1’he answers which Hume receivetl at tliii hands of 
his Geriujm oppenent Avas no doubt directly meant to 
refute the sensationalistic basis of his philosophy. But the 
answer touches far other suspects of Hume’s philosophy of 
which neither the questioner nor the resjajudent Avas fully 
conscious. While engaged in drawing the legitimate coiise- 
iiuences of the empirical principles of fiocke’s pliilosophy, 
Hume was unconsciously exposing IIk* deficiencie.s of a 
realistic and pluralistic nietiipliysbis. Similarly in answering 
the difficulties of a sensationalistic philosophy, Kant was 
imconsciously laying the foundation t)f an idejdistic. meta- 
physics and dealing a death bloAV to pluralism and I'efilism 
alike. 

LiAcke, Berkeley and Hume an; geiierally known as 
lepresentatives of empiricism and phenomenalism. But 
there was a deeper bond existing between them of which 
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iheii' (unpiricism <.>i' phonoiueualisiu was but. a result, riiia 
was the eommon realistic foundation of their systems. 
In Fact, Berkeley’.s .system was idealistic only in name 
and aim. It cannot evx*n be said to be what Prof, 
lloyce calls a half-way idealism, as its fundainentfd 
assumption was tlu'ough-aiul-through realistic. The realistic 
tenet of Berkeley’s pseudo-idealism has worked itself out 
in (!ont(aupora.ry realism, which has for its ultimate basis 
an assumption that formetl Berkeley’s intellectual heritage; 
l)Ut its incompatibility with his sy.stem Berkeley never 
detected. 'I’his will sui-cly be challengetl by the realists 
uf oiu' time. For, is it not llu^ very mission of noo- 
rcalism, they will point out, to prove iigainst Berkeley 
die independence of the experienced on the act of 
experience? Does not Berkeley together with other idea- 
lists commit the Verbal Fallacy of Psycho-physical 
Metonymy?* A negative reply has already been given 
to this. Thus Prof. Alexander’ and Prof. Dawes Hicks’ have 
drawn attention to the pas.sago in which Berkeley too iuake.s 
such a distinction. Prof. Lmrd again, ui his brilliant 

article in the Mind^ while indicating the numerous 
points of contact between Berkeley and the neo-realLsts 
goes so far as to declaio that “it would scarcely be 

possible to conceive of a system which, in its intention, 
was more thoroughly realistic than Berkeley’s.’’ I’hey 
have, not however detected a more fundamental relation 
which binds neo-realism with Berkeley’s philosophy, yet 
that is much more vital than anything that has hitherto 

been brought forth. What is this vit:il agreement ? 

Berkeley’s central thesis that the esse, uf things is 
their conceals a theory of independent entities 

‘ New Real, ism, i). 259. 

‘‘Tlie Basis of Realism, p. 5. 

' Proceedivf/s of Aristotelian Stmety, 19] 1-12. 

*(1916.) 
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wliich is indeed the corner-stone of all realistic meta- 
physics. Inspite of what he says about the dependence 
of the tilings upon a percipient mind, the “ideas” and 
the mind perceiving them .‘U’e supposed to enter into a 
temporary external relation to each other like impervious 
atoms which remain unmodified and uninfluenced by jiny 
casual relation subsisting between them. JVIr. Joacliim’s 
description of the realistic view on the cognitive relation 
is instructive in this connection. “Atom on one side 
comes together wth atom on the other side ; but why 
this atom should be related to that, or indeed tmy 
atom to any other, is a question which cannot be 

answered. It cannot be answerctl, for there is no 

rational ground for the relation.’” So long as this position 
is accepted, as a tine representation of facts, one is inevitably 
on the realistic basis, and it is immaterial whether those atoms 
aix) cfdled ideas, impro.ssions, sensa or character-complexes. 
This atomism which was never doubted by Locke, Berkeley 
and Hume made their systems essentially incompatible 
ivith any form of true idealism. Mr. R. B. Perry then 
is right, over against such pseudo-idealism when he 
says that “ If the idealist’s polemic against realism is 
successful, we are left to conclude that experiendng does 
make a difference to facts. Tliis is as truly the central 
contention of idealism as the contrary is the central contention 
of realism.”* It is only to be added that the contrary 
assumption is also the ultimate foundation of pluralism no 
less than of empiricism, and so a realist has consistently to 
be a pluralist Thus W. James has to admit on the 
one hand that “mine is essentially a mosaic philosophy, a 
philosophy of plural facts, like that of Hume and his des- 
cendants”® but on the other hand he finds that “radical 

I The Nature of Truth, j). 44. 

^ Neo-Realism, p. 105. 

^Essays in Radical Empiricism, p. 48. 


29 
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empiricism has in fact more affinites witli natural realism 
than witli the views of Berkeley or of MiU.”^ 

Hume, inspite of his differences from Locke and 
Berkeley, is one with them, so far as then’ realistic 

assumption is concerned. In liim, however, that assump- 
tion appears in its absolute nakednass, shorn of the 

dogmatic and theological embellishments. The shortest and 
at the .same time the clearest statement of Hume’s 

philosophical basis is perhaps to be found in the following 
remarks of Ins in the section V on the immateriality of 
the soul; “If...}iny one should evade the difficulty by 
saying tliat the definition of a substance is something 
which may exist hy itself...! should observe that this 
definition agrees to everytliing that can possibly be con- 
ceived, and never will serve to distinguish substance from 
accident, or the soul from its perceptions. For, thus I 

reason. Whatever is clesuly conceived may exist; and 
whatever is clearly conceived, after any manner, may exist 
after the same manner... Again, everything which is different 
is distinguishable, and everything which is distinguishable is 
separable by the imagination... My conclusion from both is 
that sin<^ all our perceptions ai’e different from each other, 
and from everything else of the universe, they are also distinct 
and separable, and may be considered as sepai’ately existent, 
and may exist separately, and have no need of anything else, 
to support their existence. Tliey are therefore substances, as 
far as tliis definition explains a substance.”* If we agree to 
make concession to the peculiar way in which Hume statas 
his fundamental position, no realist would perhaps find it 
possible to give a clearer exposition of his philosophy within 
the limits of such a few lines as these. It is true that 
one of the vital points of difference between neo-realism 

^ Ibid, p. 76. 

* Treatise, p. 883. 
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and its older name-sake consists in its protest against the 
substantialism of Locke and Reid. But, for all this, it 
dings to substantialism of the type which Berkeley and 
Hume found so essential to their systems, and while tliis 
position lemains the same there is no reason why then' 
conclusions should be I’eversed. 

There are two more points with regiU’d to which the 
contemporary realists and empiricists have failed to appre- 
ciate Kfmt’s jmswer to Hume. The beliefs that reality is a 
creative process, a flux or pure becoming, and that mind 
is one among other finite things holding its place on equal 
terms with them, have found recognition with the majority 
of eminent thinkers of our time. Thus, for example as a 
protest against the indestructible entities of physics, Mr. 
B. Russell insists that “ the world of immediate data is 
(|uite different from this. Nothing is permanent; even the 
tilings that we think are fsiirly permimcnt, such as 
mounttiins, only become data when we see them, and are not 
immediately given as existing at other moments.” ‘ Similarly 
Mr. Wliitehead urges that the immediate fact for awareness 
is “Nature as an event present for sense-awareness and essen- 
tially passing. There is no liolding nature stiU and looking at 
it.”* For the realistic account of mind and its place in reality, 
we need but look at the unambiguous language of Professor 
Alexander : “ For realism, mind has no privUegal place in 

tlie democracy of things... Mind iigain is a form of time, 
liecause the mind-quality emerges out of the time element like 
all other empirical qualities.”^ Such passtiges are strongly 
reminiscent of the favourite tenets of pre-Kantian empiricism. 
The transcendental method of proof, as is well-known, 
was intended to bring out the inherent deficiency of a 
philosophy which sought to construct the house of experience 

]Our kmwledon of the External world, tu 104. 

' The Concept of Nature, jj. 14. 

'Space, Time and Deity, Vol, II, p. 44, 
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out of a mere flux of ideas destitute of inner necessity 
or internal determination, and which r^arded mind from 
the psychological point of view as one object among others. 
In fact, it is no violence to Hume’s position to say that his 
was essentially a pliilosophy of becoming quite as much 
as a philosophy of “distinct existences”. If he is never 
tired of insisting that ail the particular perceptions “ are 
different, and distinguishable, and sepamble, from each 
other, and may be separately considered, and may exist 
separately, and have no need of anything to support then- 
existence”; he is equally emphatic in his asseiiion that 
the different petx^ptions “ succeed each other with an 
inconceivable rapidity, and are in a perpetual flux and 
movement”.* As to the dislodgment of mind from its 
privileged place of autocratic supremacy, Mr. Alexander and 
his followers are but celebrating with clearer consciousness a 
festival for which an elaborate aiTangement was made by the 
author of the ‘ Essay concerning Human Understanding ’. 
Postponing the consideration of these aspects of contemporary 
thought, we may revert, for a moment, to that realistic dogma 
which, as su^ested above, is the indispensable foundation 
of every realistic metaphysics. 

THE REALS. 

It has been rightly pointed out by the American 
Neo-Realists that the internality of relations and the 
universality of cognition are the grounds of metaphy.sical 
monism. It does not however appear to have been realised 
by tliem tliat the opposite theory, namely the theory of 
the externality of relations beai’s a close resemblance to 
the Humian principle that all our distinct perceptions 
are distinct existences, and that the mind never perceives 
a real connection among distinct existences. The difficul- 
ties which for Hume were insuperable aro.se ultimately 


' Treatise, p, 239. 
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from his inability to abandon the belief in an unalterable 
impervious atomic existence. Kant’s reply consisted precisely 
in pointing out that the connections, far from being 
external to the atomic existences, entered into their intrinsic 
natim?, that each existence possessed a being not in its 
self-seclusion and unrelatedness but in its self-transcendence 
or relatedness to existences beyond itself. Tliis Kant ex- 
pressed by saying that the categories made experience 
possible. Take any single object and think away all the 
wnnections that hold between itself and other tilings, ami 
that object reduce itself to a non-entity. “The more we 
remove,” says Lotze, “from tlie conception of Being every 
thought of a relation, in the affirmation of which it might 
consist, the more completely the possibility of tliis distinction 
(between Being and non-Being) disappears .” * “ To be thus 

void of relation is just that in which we should find the non- 
entity of a thing if it was oim piu'pose to define it.” This was 
the ultimate consequence of Kant’s investigation too. Things 
do not exist at first in separation from each other so 
that all connections between them would be mere fortui- 
tous generalizations ; on the contrary, their existence has 
no intelligible meaning except in relation to cficli other. 
What we call the real existence of the world is constitutetl 
by the various relations, spatial, temporal, causal etc., sub- 
sisting between things, and each thing is what it is only 
through its relations. To put this in the inimitable lan- 
gusige of Green, “abstract the many relations from the one 
thing, and there is nothing. They, being many, detenu ine 
or comstitute its definite unity. It is not the case that 
it first exists in its unity, and then is brought into various 
relations. Without the relations it would not exist at all”.’ 

It is a fiu-ther consequence of this line of thought 
that there can be no real entity possessed of an intrinsic 

^Metaphysics, Vol. I. p. SO, 

^ Proleg. § SB. 
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nature of its own which is not influenced by the various 
I’elations into which that entity may enter. All things are 
dependent upon other things in so far as their very nature 
is determined by those mutual i-elations. The possibility of 
an unalterable entity entering into different ixilations would 
be intelligible only if the being of that entity did not 
consist in relations ; but once it is admitted that a thing 
is nothing apart from its relations to other tilings, the 
unalterability of an entity in different groups or relations 
could be maintained only by a manifest inconsistency. 
Yet, this is just what is implied by the theory of externality 
of relations. Realism, it has been insisted, must reject the 
premise that all relatioas are internal and recognise that while 
fill things may perhaps be related, many of these relations 
are not constitutive or determinative ; they do not enter into 
the explanation of the nature or existence of their terms. ^ 
Thus, for example the spatial relation between the book 
and the table is not a constitutive relation, because, as 
Mr, James points out, any book and any ttible may fall 

into the relation by their casual situation. But then the 

question inevitable arises : how is it that only a table and a 
book can fall into this relation and not certsiin other things ? 
If the relation is a mere coincidence Uien there is no rational 
ground why tliis particular thing should fall into that relation 
with that particular thing. In fact the relation is not 
casual, it is as much the nature of the table to have the 
book upon itself as it is the nature of the book to be 
upon the table, just as it is the natm’e of the sun to 
warm the stone and the nature of the stone to become 
warm under the sun. To continue this example of Kant’s, 
if the .sun sometimes waims this stone and sometimes 
does not we should have to say tliat the sun has 

changed its nature ; similarly if the table sometimes 
supports the book and sometimes does not we should 


^ Neo-Bealiwi, p. S3. 
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also grant that the table has undergone a change of 
nature. It is no objection to say that though the table 

has the possibility of having the book on itself, yet the 
table would remain what it is even if no books were 

ever placed upon it Because then this remark would 
apply to the sun as well Both the table and the sun 
might be defined without reference to the book or the 

stone, but what is important to observe in such cases is 
that our definitions are not complete. As our knowledge 
of things increases, many of the relations which were 
formerly supposed to be non-constitutive and non-determi- 
native are found to be intimately bound up with the 

nature of that thing. This evidently indicates the arbi- 
traiy nature of the distinction between intrinsic and 
extrinsic relations. “That for working purposes,” says Mr. 
F. H. Bradley, “ we treat some relations as external 
merely I do not deny, and that, of 0001*86 is not the 
question at issue here. That question is in short whether 
this distinction of internal and external is absolute or is 
but relative, and whether in the end and in principle a 
mere external relation is possible luid forced on us by 
the facts... Every space... would be a whole in which the 
parts throughout aie intei'related already in every possible 
position, and reciprocally determine one another... And 
from this the conclusion cannot be drawn that the terms 
are inwardly indifferent to their relations; for the whole 
internal characters of the terms, it .seems, goes out, on the 
contrary, and consists in tliese.” * The truth of this remark — 
which substantially reproduces the Kantian account of spatial 
relations — is forced upon us whenever we refuse to look at 
a thing simply as it is and enquire into its possibility. 

It does not appear to have struck any of the 
neo-realists that inspite of their emphatic rejection of 
all mystical metaphysics and adoption of the scientific 

^Appearance and Reality, p. 576. 
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stand-point, their own procedure implies a theory of reals 
which can hardly be distinguished from that of Leibnitz and 
Herbart on the one hand and that of Permenides on the 
other. Tn their zeal against the internality of relations 
which tliey consider as one of the grounds of idealism 
they have been led to propound a theory of simple 
entities which are as indefinable and chimerical as the 
absolutely exclusive Many of pluralism or the pure Being 
of mystical universalism. The simple entities, it is urged, 
may enter into this or that group but they do not belong 
to it, they depend on no relation, they are the entities at 
large and belong exclusively to no constituency.* As thus 
described it is difficult to see how the.se simple entities of the 
neo-realists differ from the “reals” of Herbart in the enjoyment 
of pure “position” void of all relations. Like tlie pure Being 
of the Eleatic school, each simple entity has a being of its 
own, “ substantial and self-dependent, and the difficulty then 
is to drag it out of this state of ontological seclusion 
into the region of empirical reality with its thousand 
relations.” 

These remarks, it may be retorted, do not apply 
to the realistic conception of tlie independent simple ele- 
ments which are not unrelated to one another. All that 
is claimed is that they do not depend upon those rela- 
tions and “ it is fundamentally characteristic of neo-raalism 
to distinguish relation and dependence”. Given two entities 
they will be dependent upon each other only when one 
is a part of the other, or implies the other, or is exclusively 
determined by a system in which it is cause, effect, or impli- 
cation of the other. In the absence of these relations the 
entities retain their independence whatever other relations may 
subsist between them. Now tlie reply is that this distinction 
between relation and dependence is after all a matter of 
definition and is obtained by a restriction of their appheatiou 


^Neo-Realism, p. 129. 
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to m’tilin definite eases. ]iul the question al issue is not 
whetlier we should call <in(? set of i-(.*lations as tliose of 
ilependence and another set of relations as those of inde- 
{Kiiidence. '^I'he mil (juestion is whetluM' tluae can he any 
relation betwecin two terms which is so external that it 
(loos not affect the terms in any way. It has htnai said 
that the bare relation bctweim entities is in th(> gri'at 

uiajority of ('uses discovered before any dependiaict* is 
proved. Thus, things may he together in spai;e, may 

sucx«ed one anothia' in time, may i>e differrml, mori', l(*ss, 
whether or not tliey are whole and part, cause and effect, 
la* impHer and implied, 'riiis position may be con(>eded 
at once, and yet it may be denied that a thing remains 
what it is whether it is co-existent or svu;cessiv(', more* 

or le.ss, in relation to another thing. Jn fact if there had 

been no fixed rule ac(H)rding to whicli one event can only 
succeed but nm-rfr precede- another IIk'Im- would be no 
consciousness of smteession at all. 'Po borrow the well- 
known cxiunplc of Kant, had lli<* ri-lation of succi'ssion 
been really external to the nature of tin' [tositions of the 
boat moving down stream, so that the r(‘lation woubl make 
no difference t(i the t(MTns, there coul<l l)<> no knowledge 
of objective su(H'(>ssion at all as distinct from (^o-existem-e. 
It is not therefore immaterial for the terms which of thi; 
possible relations sub-sisf between tliem. The relation.s, far 
from being extrinsic to the ttirms arc (ionstitutive, so 
that the same term in all its (Concreteness cannot b(‘ in 
different relations. 

W(c are then left to wmclude that the simple entities 
of the neo-iealisls are existeimes void of all relations and 
tliis is the inevitable implication of the assertion that the 
fact of their ent(3ring into any relation does not affect 
their independenc(‘ in the Iciist. If then neo-realism has 
to accept the thccoiy of relationless existences, it is 

subject to those well-known ciiticisms which Ficruumides 
ao 
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and Ijeibnitz, Hurae and Herbarf have received at the 
lifOnds of the idealists from Plato to Hegel, and from 
Kant to I^otze and Roya*. Thus JiOtze remarks “In 
leality it is impossible for that to enter into relations 
which was pienously nnrelatefl. For a could not enter into 
relations in (j/eneral. At each moment it could only enter 
into the definite relation m t<»W!irds the definite element 
h, to the exclusion of every other relation v towards the 
same element. 'Plieix; must thei-efore he som<* reason in 
operation wliich in <jaeh individual cjise allows and bring.s 
about the roidisation only of m, not that of a chance w.”‘ 
Indeetl, Lotze’s elaborate (•riticism of Herbart’s position — 
which is but a slightly different formulation of Kant’s 
criticism of Hume — is so thorough ami convincing that nothing 
but an ineradicable prejudiw <‘a.n account for the revival of 
the realistic theory of pure being in contemporary philosophy. 


' ^Maphymcs, Fo/. [,p.60.. 
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ON VERTICAL AND HORIZONTAL PRES- 
SURES ON A ROUGH CYCLOIDAL PUL- 
LEY DUE TO THE MOTION OF A HEAVY 
INEXTENSIBLE CHAIN OVER IT. 

BY 

A. O. BANElUl. .M. A. invl S. K. MUKBK.fl, If. 

In }i pnper JintitlcMl “(3n some interestin}? resultf! in 
(connection witli the motion of a lieaA'y inextensible chain over 
a smooth pulley” hy Mr. A. C. Baneiji, puhlislieil in tlu' 
Bulletin of the Calcutta Mathematical iSociety, Decemljor 11)24, 
total vertical and horizontal tlirusts between the chain and 
the pulley were calculated, and it was found out that if the 
chain was made to move with an accicleration C(,j[ual to one-third 
of gravity with c;ertain initial conditions, the total vertical thrust 
l)etween the chain and the pulley vanished. Again in another 
paper entitled “On pressure on a rough circular pulley due to the 
motion of a heavy inextensible (chain over it,” it was also found 
out that if an acceleration equal to on(‘-third of gravity i.s impart- 
ed to the chain over a rough circular pulley with suitable initial 
conditions the vertical thrust would vani.sh. The horizontal 
thrust was there found to be independent of friction, being 
the same in value as in the case of the smooth pulley. 

The object of the present paper is to hike a rough 
Cycloidal pulley with vertex upwards and then to (calculate the 
vertical and horizontal thrusts due to the motion of a heavy 
inextensible chain over it. It (vill be also found that in order 
to make the vertical thrust vanish, it will be necessary to 
impart an acceleration equal to one-third of gravity as before 
with suitable initial conditions. It is interesting to note that 
for vanis hing of the vertical thrust, the same ac(jeleration equal 
to one-third of gravity is needed in all the ca.se.s. The horizontal 
thrust was also found to be independent of friction. 

We take the equation to the Cycloid to be S=4(t sinyt', 
where S is measured from the vertex B and is the angle 
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which the tangent at any point P makes with the horizontal 
tangent at B. 

Let A be a marked point on the chain. Let the 
arc BA be S at the instant t. 

Let F be any other point on the chmn and let 
AP be 

Let the element PQ of the chain be 

Let L and M be the cu.sps of the Cycloid, and the 
chain is in a^ntact with the portion LBM of the Cycloid 
whose plane is vertical. 

Let JNI be the linear den-sity of the chain, which is 
sixppo.sed to be constant. 

Let ‘ R ’ be the reaction per unit length between the 
pulley and the (diain at the point P at any instant t. 

Now p =4acos\‘’, whei-e /> is the i-adins of curvatiu-e 
at the point P. 

Let T , be the tension at L, and T j the ten.sion at M. 

Let T be the tension at P. 


i 
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Resolving along the tangent at P, and neglecting 
small quantities of the 2nd order we have: — 

(T + AT) con Aif' — T + >//». A" sin V- m R. A<'~ni..A"- v 
ur AT A" sin R. A<^ = J/O’. A®^ 

Dividing by A'^ and then pioceeding to limit we get 

+ nig sin 'i —nM ~ (1) 

Resolving along the inward normal at P, jmd neg- 
lecting small quantities of the 2nd order we have s— - 

(T + AT) din A 'i +ae/. At. —R. At 

P 

t»r fn{/ — H. Ao- = A‘^ 

p 

Dividing by a® and proceeding to limit we have ; — ^ 

T 2 

— 4* Nfff eo.^ \i — R = ... ,,,(2) 

^ . . ... 


tn- 


From equation (1) and (2) eliminating R we get : 
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Let us now get the tension at the point P. 
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— L TTf*® “2 amg + 2 amg J x 


, P W+ L) 
« 2 


I+/X* 1+ft'* 


a;? 7 r/ 


+ « 7 ", " 2 »+ ( 2 --) «« 2 * 

._ r T. 4 . 12 amg leP(\«' + "’^ 

- L ' ^ ! + ,*•- -j^ 4 ~J 2 


+ sm ^ + //»/ - 2 amg 

■•■ 2 "^ + 2 r«/Wflr 2 '^ . 


When = § we get the tension t , at M. 

•• ' »-V '+1+-^**--”“’ +7*1:4 7 + !+,.» 

— T iC/n’T -j” 1 ^ ^ 

+ TO-\® -7 

When M is small so that /*“ etc. can be neglected, 

T *= T j(14-;itir)-{“4«'n'’(2 + /*’r) — 

When ft *■ o 

T 2 * [t i+Saw’’] 

T , — T 1=8 «»«» 

=i> X[mass of the chain lying on the 
perimeter of . the Cycloid], as in the case of tlie circular 
pulley! 


:n 
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Let US now examine different cases. 

(a) When W' — ' > o 

T , » T , 

(So tliat the oitlinaiy formula in the case of light 
strings holds good oven when the string is in motion.) 
When is small so that etc., can be neglectetl 


T, 

(6) When a - 


T 1 (I+M’t) 


T, 


T , e —mv 




= — mv* ^ e +mv^ , same as 


in the case of a circular pulley. 
When ^ is small 


T, 


T , (1+ M"- )->«}/ 


(c) When v=o but v+o i.e. just at the instant when 
the motion begins 


T, 


^ . 4«mt- , (...+1) + (. _i) 

= T 1 f ^ +4 


(d) When t;=o but v+o i.e, when the chain is moving 
with uniform velocity 


HV ftir 1 2(X)nff fiv 

T, = T, e -mv' («-].)+ Ar*+4 (e -1) 


/AT 

T , will bo equal to T , e , if 


V=z 



1 2 ag 
V+4 


If A* is so small that a** etc. can be neglected vz= ^JZag- 


So in the case of a heavy chain moving over a 
slightly rmgh Cycloidal pulley of finite dimensions, tension 
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Jit one end is 6.“’^ times the tension at the other end 
provided the chain is moving with a uniform velocity 
equal to V 3a</ • 

Let us now calculate the total vertical pressure 
))etween the chain and the pulley. 

Vertical pressure 


= F 



R {cos M sin 't')dp 



R/> {fios f + p- sin 'f' )d'/' 


But R P = T + nig p cos f —me* from (2) 

F = \L. (T — my* + mg p cos 'f') (cos ff' sin f) di' 

I ■”~ir 
2 

z= V r+fi* (T—mv’‘ +4 amg cos^'P ) cos (f — ®) d'P , 


where 0 = tan p 
NoavT —mv*+4ca>ngcos^ f 

. 4 amv s . 12 amg 
4 amv. cos ^ . 6 amg <“ • 


i<7 \ 4-^1 ,4 amy . , 

- I c V / + -j-“- tSin 'P 


1+^ 


+ 2 amg. cos 2)^+2 amg cos 2 'P 

fM ~ *± 


12 amg \e 
2 


==/T,+ 4=ami. I2_amg \ 

V 1+/1* ai*+4 ' 

+ 'P — 4 ami) p co s'P ^ 6 am gy- g,;„ g f 

” “* * 1 M* +i 


Id-/** 


+ cos 2 f 

«*+4 
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=:A e''* sin ( ^ 

+ 12 aw? cos 2 '!' ’ 

+ 4 

, , ^ . 4 «m« 12 awfl' 

where A = T , + — ^ /»* +4 


4 a?w o 
l+M* 


F = A V'l + /*■'’ 


\ (<■+!■) cos w-ew 


+|a+o 


■’^L 


sm 2 C'/'-®) 


+ j 6 amgiJL V * sin 2i' coh ( x/z — o) df 

^ . / Tt 


a 

+ 12 amij t ^ cos 2'!'' cos ( f ' ®) di' 


= Ajrro--e'‘j[f (!i« 


OS ( V' - 0) +sin {'P ®) 

T+V 


- rd+M") I cos2(V'-®) 


IT 

amo ^ V iTk'-' Fcos (^-o)"1 

/4* + 4 1^ ^ J ^ 

, 6amo ^iJ^ Vsin (^A + ©) | 

+ ^*+4 L .H J„x 


^»|a^ 
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= ^ (r + i) ~ [cos(’r-2e)_c„s(’r+2o^J 

iiamg p V I" cos ^ ^ — e) —cos(^ 

L 3' 

cos{j^ + o) —cos (1“ 


,6 amg + i T sin T ( 2 

'*’ ' m“ + 4 L 3 

sin ( j J 

(T,+ 

+ 8a?rtfi'. 

Approximations : — 

(0 If ^ is small so that p* etc., can be neglected 
F= 1+4 amv — nw‘‘ +'A amg^ (2 + ^“”') +2 atng. 

(ii) If P-— *0 so that the pulley is smooth 
‘"■>2 T 1 + 8 mav — 2 tnv ‘+ 8 amg ~^ 

Let us now examine different cases 
(a) When > Q the chain is light 

P T, (eA‘ir+. ) = T, + T, [V T. = T, e/u,r] 

When f. is small 
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(6) When a — —*0 , i,e., the pulley is small 

(t,— »? y*) ( 1 ) 

If I* is small 

P= ( ) ( 2 + /.^) 

If M >0 

F=2 

(c) Wlien v=o but « =4= 0 i. e., just at the instant 
when the motion b^ins. 

If Ml , the limiting friction in this case 
( < M ) , be very small. 

F— » (t ,+4t amv+S amg) (2+A‘i’f) 

+ 2 amg 

When Ml — ^ o 

(Ti+ 4 awv+4 amg) 

(d) When v=o but v + o i. e., the chain is 
moving with constant velocity, 

Also M is small. 

F — * ( T ,—mv* + 3 amg) (24-M«r) 

+ 2 amg 

When M— ♦© 

F=2 ( T 1 — mt;* )+8 

(c) When y =0 also v =0 
also M is small 

P ■ > (Ti+3rtWflf) (2 +m») + 2 
When n ■■ ' > y 

F ' > 2 T , +8 ttingr 

Now in general let us find out when the total 
vertical thrust vanishes, assuming the pulley to be rough 
and of finite dimensions. 
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Consider the equation of motion of the portion 
MN (=25) of tlie string 


M X u dv 


^nigx — T , 

4rt/«« ( A 
z mgx— T , C — — ^ +1/ 


+ mv‘ 


( \ 12 ainq { \ 

\o-l) ^>*+4 V^-1 y 


T , c 


.... dv 4 amv / Mir \ 
= dx~l^ 


/ /tir \ 12 am g / \ 

w — i) ;tt*+4 


Now F vanishes when 


(T,+i^ 


4 ciino , , 12 
— -- — t — mir + — 
1 +M A* 


12 amg \ ( \ 

/It* + 4 ' \e+l/ 


jjV 

+ 8 wng . /k* + 4 =:o 


i.e. when 




+ 8 arngj^-^ 


M* + l 


From equation (3) we have 

dv Aamvi \ , a / m"- X 
mgx - mxv j + l) + L -1 ) 


12 amg f i^TT \ . * 4 

11^4^4 -1/ = - 1 


a ml; _ \2 amg \ ^tr 
+ /A* * /A® + 4 / 


I o 4 - I ^ 

+ 8 ama -jr^ 

C + -1 
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= OX — 


I 2 ag 

;tt »+4 


fiir 

(e - 


1) +• 


12ag 
u* + 4 '^ 




Sag ( 1 +^*) e 


(m*+ 4 ) (l + e'*' 

j. - „r 8«// 

■■ (^‘*+4) d+e^’") 


A' 


[- f&] 


fLTT 


<**+4 

1 3 ^ \ j- 1 yc. 

^ 1+/’" 

4a«7 p 

i )■ 

®+4 1 

air 

1 -l-ii 


Now put 


ia 

i+M * 


= p 


and 


4a 

‘•■‘1-4 


p+Z’" (i-2i*-^ n 


Wo get 

V ~ ix + p) + —g (.r+ft) 

(Ur 


Put .r+jj = ^ 

Then r+k = z—p + k 

We have 


= A: 


3 -j- = gz - g (p-k) 

(Iz 

Multiplying by 2z and integrating, wo get 
i;*2* =-^- 2® —51 ip—k) 2*-l-const. 

If p > 3 k 

Then if we have the initial condition that v 
when 2 =y then the constant is zero 

We get v*z*=f gz^—ff ip — k) 2* 
or v*=f 
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Differentiating with respect to z figain we get 


or 


V g 

dz ® ^ 

dv , 

5 ‘=> 9 


dv 

dt 


1 9 


li p<^k 

We can take as our initial conditions that v=: 


J (3k— p) when z=p or k=o and the constant would 

be zero and we get as before 

— =i 9 
dt ^ 


If ^ > 3k, then in the cjise of a large rough Cycloidal 
pulley, the vertical thrust between the pulley and the chain 
will vanish if the chain moves with acceleration equal to 
\g, provided tlio chain starts from rest when the fixse end 

N is at a depth below the centre of the pulley. 

If^ <3^, then in the case of a large rough pulley, 
the verticjil thrust between the chain and the pulley will 
vanish if the chain moves with acceleration equal to one- 

third of gravity provided a velocity equal to 

be imparted to tlie chfiin when the free end N is at M. 
If p=-3k, this irapaited velocity becomes zero. 

If y, be very small so that etc. can be neglected, 

p »4a and k *a2— In this case the velocity 


imparted becomes equal to 

tive when ^ is small. 

Now let US consider 
equal to that of the length 
to a free end N. 


Jga and is posi- 

the case in which a weight 
I of the chain is attached 


32 



250 


ALLAHABAD UNIVERSITY JOURNAL 


The equation of motion becomes 
m (aj+0 (ic+O"" Tii» 

OJC 

as before we get 

zv ~+v*=gz—g ip—lc) where 2=a:+Z+ja, and 
p and k have the same meaning as before 
v’ 2 *= ^ —g {p-~k) 2 * + const. 

Ji p> ^h-\-2l 

Then if wo have the initial condition that v=o when 
z=* (p-*)or 

then the constant is zero. 

We get v’z’=-^ 2 *— gr {p—^) * 

or -y’ zsz-^-z — g (p — /;) 


Differentiating with respect to 2 a{ 


2 V 


dv 

dz 


3 



y 

S 


dv X 

or-ar=ig 

If p < 3k+2l, 

We can take as our initial conditions that v = 
y (3k+^l—p) when z^p-\-l or a;=o and the 
constant would be zero and we get as before 

dv • 

-ar = »5' 

So, if jp > 3 k-\-2 I , then in the case of a laige rough 
Cycloidal pulley vertical thrust between the chain, to 
which a weight equal to that of length I is attached to 
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the free end N, and the pulley will vanish if the chain 
moves with acceleration equal to iff, provded the chain 
starts from rest when the free end N is at a depth 

below the centre of the pulley. 

If ^ < 3 A4-2 I then in the case of a large rough 
Cycloidal pulley the vertical thrust between it and the 
chain to which a weight equal to that of length I is 
attached to the free end N will vanish if the chain moves 
with acceleration equal to one-third of gravity provided a 

velocity equal to J -—(3 k-\- 2 I— p) be imparted to the 

chain when the free end N is at M. 

If ^=3 1c-i-2 I this imparted velocity becomes zero. 
Let us now calculate the total horizontal thrust 
between tlie chain and the pulley. 

The horizontal thrust 


H = 



{R. A<r — Atr COS}//) 


R. A<r {sinf —n cosf) 


Rp {sinf—p, cosyff) df 




/ 


IT 

2 

2 


Rp sin (^ — o) d\i/ 


But Rp =z A /‘y f+l") + -® Vl+e* (^— e 

, 6 amg p . . 12 amgft __ 

M -tA p *r 4 
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H = A 




+ 


-f 


= .1 Vl+ 


+ 





'' sin — 





sin' (\t — ©) d<f> 


6 amffni/l + 


f **+4 


■ s Z' 2 

j sin 2^^ sin (<i/ — 


e) dyfi 


v' 1+ f*® / CW8 -sm (^— ©) 

+‘t J -_>r 


/ATT 


r f ^ 1 1 

i* I iT' I /a sin if —e)— cos if—e) j J 


B 


(l+/n“) — ^8 //v2 if — <))J ^ 


+ 


3 amgfi. V 1 +m® 

a*+4 


[ sin (^^z+e) J 


_ «_"L®vy_l + / _ ( 3 ,_o>] 

f*. +4 ^ ’L 

2 


- ( 3 »-e)] 
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+ 


6 amg n/l+ft* [cos, QP +e)l 
/t*+4 L -*■ 


2 

“T 

T 


= A ■> “Lvd+z: (. f +'/ 

1+fi^ 


‘OC 


fi cosQ—sin 0 


) 


+ 2 ( 1 +m’ ) "■•+ 


cose+ 

M®+4 


2 a>»/y/tV 1 + f* <-‘o.s o 
P*+4 


+ ? 


4 «m(7 y 1 -H* 


y +4 




^**+4 


A f- 


ff-cosO — «/«6^ "f" ^ V 1 H ^ 


(;.<« e-«ne) 
fi + 4 ^ 


= 2ma rp , substituting for o and B. 

It is 'interesting to note that the horizontal thrust 
does not explicitly depend on friction, and it is equal to a 
forc-e which would produce the same acceleration v on a 
mass of the chain equal to that of the horizontal projection, 
of the projection LBM of the chain. 

Let us consider the different cases. 

(t) When V =0 

Br=o 


i.e. when the motion 
thrust vanishes. 


When m- 
H- 

{Hi) When a- 
H- 


-*o 

->0 

■*0 


is uniform the horizontal 
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the conception of MUSLIM MARRIAGE 


BY 


VIAIIOMICD V. iS. H.A.. LL.H,. (Cantab.). Rii-at-l.aw. 

RKADKR IN i:.\W 

The Mn.sHni jurists have not atteinptod a preci.se 

(h'tinition of marriage, they spc'uk about tlie regulation of 
rli»‘ marriage-tie, about its tjontinuaneo and dissolution. 

Baillio takes his definition from the K;m/, and t.h<^ 

Kit'ayah — “Marriage is a contract whicli iuis for its 
<lesign or objc.'ct the right of enjoyment, and tiie procrea- 
tion of cliildren.” * 

Sir Roland Wilson deliiu?s it thus : — “ Marriage is 
a (contract for the purpose of legalising se-Kual intercourse 
and the procreation of children.”’ 

Marriage in its origin is “a contract of natural 

law ” anti though entirely a pt^rsonal coivsensual contract, 

it is not merely a civil contract under the Muslim law. 

The institution of marriage is regarded by our jurists as 
a secular contract partaking of the natuie of Ibadat 
(religious rite)’; for the proci-eation of children, the 

regulation of social life aiul for tlm benefit of society. 

Islam considers marriage also as a religious devotion. 
The author of the Darrul Mukhtar observes: 

'Digest p. 4. 

* Anglo-Muhammadan Law p. t)4. 

‘Story’s ‘Conflict of Laws’ p. 14.3. “ In many civilised 

countries.. .it has had th(! sanctions of religion superadded. It 
then becomes a religious, as well as a natural and civil, 

contract ; for it is a gimt mistake to suppose that because it 
is the one, therefore it may not likewise be the other.” 
a.'t 
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‘‘There is no devotion for 
us which hap all alonj^ been 
recognised from the time of 
A /lain up to the present time, 
and will continue even in para- 
dise except inarriaire and faith/' 


^ i$oU# Ul 


Die Prophet, ol' Cfod hifnself deelarerl ; 


■■ Marriagf is nry Siuinat, ttlH 

and thosp who do not oIh-v it ^IjQI Jyij 

arf* not my followers. " - ^ ^ ^ 

A famous Hadis is ro[)ortHl in Muslim 

"A woman is marrieil owing 
to fonr qualifications, for her (d— • 

Iiroperty «ip riohility of pedigree 
or lieauty. or on account of — 
piety. Ye ahonld marry ftn- 
piicty.” 


According to the Kifayah. tnarnage ha.s l>een given 
preference over jehad (religions war), which is a cardinal 
duty of religion. Faith which is the rot)l of all di\nne 
worship is classified under the sjuno category as marriage. 

Mamage is rcgartled by <dl th(( jurists, as “ Sunnat 
Muvakida” ; tliat is, au institution the corapliamte with which 
is cxtnsidered as virtuous and a deviation from which is 
regarded as a sin. Sunnat MuvabMa is thus defined. — “The 
person who <;omplies with it is rewarded in the next 
world, and he who dttes not sitis.” Hence marriage is a 
religions rite under the Muslim latv, although it is in the 
form of a secular transaction and a (*lvil contract. The 
notion of contract is brought into prominence, because it 
it renders facility of divorctt, and alhwvs .separation of 
parties easily in the eye of the law, whereas the sacra- 
mental aspect would make the marriage-tie indissoluble. 

In the celebrate*! book Taudih, Marriage is described 
as an institution which lias l»een legalise*! for manifold 
objects, “ such as preservation of the species, the fixing 
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of descent, restraining men from debautthery, the encourage’ 
ment of chastity, promotion of love and union between 
the husband and wife, and of mutual lielp in earning 

livelihood.” 

Islam provides ample provisions for tlie repudiation 
and cancellation of marriage'. It grants to the husband 
the supreme jiower of divorc-e at will ; but it allows the 

wife to contract at the time of the inariiage, or thereafter 
to delegate the power of divorce to a third person, or 

reserve it to herself. This is technically known as the 
doctrine of Thafveez-ul-Tulak ; while other 

forms of rejaidiations effected l>y mutual agieement and 
on payment of compensation are known, as “mubarat” and 
“khula” respectively. 'I'lie abuse or recklessness with which 
the right of divorce may be exercised by the husband 
is restricted by threats of divine displwisure. 

The Prophet cx)mmjtnde<l ; 

” God has not created any- 
thing upon the face of this 
earth w'hich he <IisIikos more 
than divorce.” 

Howerver the Holy Koran itself sanctioned divorce, 
as a legitimate mode of separation in extreme (ijcses of 
unhappiness and misery. 

Part. II., ch. II. 

“If they have resolve! on 

a divorce, (then let them.) Allah . 

is Hearing and Knowing”. I^***"* 

'Ameer AH, Mahomniedan Law. Vol. II. p. 510. "At 
the time of the Prophet’s appoaranc(\ the Millelite iloctrinos were 
chiefly in force among the .Tewnsh tribes of Arabia, and repudia- 
tions by the husbands were as common among them as among 
the pagan Arabs.” The restrictions imposed by the Shammaites 
on divorce were not upheld by the school of Hillel. 


*JUl 

«aJ| 
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The Roman law of marriage furnishes a unique 
parallel. At Rome, marriage was regarded as a religious 
communion between husband and wife. Modestinus in his 
celebrattnl definition observed : “ Nuptiac sunt coniunctio 

maris et feininae, et consortium omnis, vitae divini et humani 
juris communiwitio.” (Dig. 2.‘1. 2. 1.) 

Modestinus’ words re-e<,dio the reminiscence of the 
primitive practice, as by the time of the Emperor Justinian 
the notion of wntractuid ixilation had gained predominanc!e, 
and the Institutes defined marriage thus. 

Uh. L Tit. 9. I. 

“ Marriage, or matrimony, Nuptiac autem sive matrimo- 

is the union of a man and wo- ninm oat viri et mulieris coni- 
man. carrying with it a mode unctio, iiidividnam consuetudi- 
of life in which they are iusc- uom vitae continens. 
parable.” 

Under the Roman law pei'sons who were married 
by confarreatio originally tiould not be divorced at all and 
according to Giiius a woman in mantis could not divorce 
herself from her husband, but after repudiation could (om- 
pcl him to release her. 

Gains. I. i:i7. 

“ A wife subject to iiianiis /<««<; auleni vinim 

ctin no more compel her hus- smtm^ nihilomagis potest cogere. 
band to release her therefrom <|uaiu el lilia patrem. Sed filia 
without dissolution of the mar- uaidem nnllo modo imtrern po- 
riage than a daughter can com- tost cogore, etiamsi adoptiva sit : 
pci her father to emancipate haec autem viruin repudio mis- 
hcr.” soproindc compellerc potest. 

Later on by the time of Domitian the marriage, by 
confarrertit> was allowed to Iw disolved by a religious form 
of divorce called “ diffarreatio,” and the I^ex Julia de 


'Ex. Coni. Kruegeri et Huschkii. 
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adulteriis* also pi-ovidccl a specjial form of divorce in the 
prcsenoe of seven witnesses. 

The gifted intelligence of the Roman jurists settled 
tlu! conflict, and the popular view was soon upheld, that 
the essence of mamagc lay in the “ maritalis affectio,” 
and therefore tlu^ continuance of marriage depended upon 
the crontinuanw of the “affectio;” henceforth the marriage 
was permitted to he dissolved at the ojition of either 
party. If the marriage was cancjclled by mutual agreo 
rnent it was Cidled divortium and resembles (he “ rnubarat” 
form of repudiation of the Muslim law, and if l)y the 

act of one party the Romans called siudi a divorce n^pu- 
diurn, sind it is like the “ khula” divorce of the Muslim law. 

Sir Henry Maim; says thai the Roman marriage 
Avas “ the laxost the westeni world has seen*'. Indetnl 
with the fieedom of marihigc and divorce pr.iclically at 
will, it was so. Ijater Christianity endeavouml to make 
a change. The conception of indissolubility of marriage 
began to oiDcrate, and evcmtually in the eighth centuiy it 
transformOKl marriage into a simple sacrament: and in 
the reign of Leo III, the 1 saurian, an ecclesiastical 
bencjdic^tion was iua*le essential to a v.-ilid solemniza- 
tion of raarri;ig(\* But for a long timcc although the 
marriage ceremony was a redigious one it c;ontinuecl to 

be treeted as a civil c^cntrael. Christianity raaintaint;d 
that marriage was a sacrament- The man and wife Avere 

made “one flesh” by the act of Go<l. “What thei'efore 
God hath joined (together let no man put asunder;” 

“quod Deus conjunxit, homo non separet,” 

’B. C. 17 (Dig. 24. 2. 9.) 

"Professor Holland {.furisprndence, p. 29.'>) siiys — “The 
(tliristian Church, adopting from Roman law the maxim that 
‘consensus facit matriinonium’ though it stigmatised stich marriages 
as irregular, because not made in “facie ecclesir' ; nevertheless 
upheld them as valid till the Council of Trent declared all 
marriages to be void unless made in the presence of a priest 
and witnesses.” 



262 


AJJ.AHABAD UNIVERSITY JOURNAI. 


Tlie Catholic (.Church while recognising the validity 
of private contracts, required the performance of a reli- 
gious <«i-emonv, so that the newly wedded parties were 
“.sanctified by the word of OckI and prayer,” and the 
parties to the marriage Avere them.selves n^garded as the 
‘ministers of the .sacrament.” Some have observed, “Matri- 
monii sacramentum non esi. nisi <jui<l oontractui accessorium 
ab eoqiie separabile, ipsumque sacramentnm in una tantum 
nuptiali bendictione situm cst.”' The notion that marriage 
was a sacred tie naturally made it indissoluble. For the 
separation of the partie.s the (.anon law required the 
decree of nullity., “annullatio matrimonii,” a judicial fiction 
that it is not the severing of the marriage tie, but a 
solemn affirmation that such marriage never existed at all. 

d'he Hindu hiAv ti’c^its marriage as a sacrament. 
It is a holy union and not a contract. It i.s a religious 
duty incumbent upon all Hindus. The sacrwl Hindu 
aides describe marritige as an im}x>rtant “sanskara”, and 
it is deolai‘e<l, to be the la.«t of the ten sanskaras 
necessary for the regeneration of males (of the twice-born 
(■lasses) and for women and for the iSudras marriage is 
the only pre.scribed sanskani. The Hindu law adheres 
strictly to the sacramental aspect of the union of man 
and woman, and the indissolubility of the niam’age tie is 
ftssential, c*onsequently legal divorce is not known to the 
general Hindu law. 

The laws of Manu provided none. 

“Neither by sale nor by 
repudiation is a wife released •« mj'sW ftjun 

from her husband ; such we w ii 

know the law to be, which the (Some substitute “t*iwn’’ for 
Lord of creatures (Prajapati) 
made of old." 


'. The Enc.vclopjiedia Brilaunica, Vol. XVII, p. 75.^* (11th 
edition). 
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In Stoiy’s Conflict of Ltiws, wc mtset with this 
remarkahic obsei-valion mafle by Jjorcl Robertson. — “3'he 
contract of marriage is the most impoi*tant of all human 
transactions. It is the very basis of the whole fabric of 
c-ivilised society. 3'he status of marriage is juris gentium, and 
the foundation of it, like tliat of all other (^ontra(*ts. rests on 
the (consent of parties. But it differs from otlua’ contracts, 
in this, that the rights, obligations, or duties arising from 
it are not left entirely to be regulated l)y the agnxunents 
of partieis, Imt are, ti> a certain extent, matters of muni- 
cipal ixigulation, ovei' wliidi the parties luive no control 

by any (lethnation of their will ; unlike other <*ontract.s, 

it cannot, in general amongst civilis(*d nations, b(‘ dissolved 
by mutual consent, and it subsists in full force even 
although one of the |)arties should l>c for ever rendertKl 
incapable, as in the case of iucurabh* insanity or the 
like, from pt'rfonning his part of tlie mutual contract.”' 

Lord Robertson’s view represents the matrimonial law 
of England of his time, and the principles which he has 
enunciated conflict with the Muslim law' of marriage, in- 
asmuch as divorce by mutual consent ■' mubarat” and al.so 
in ” khula” form is permissible, and impotency if not 
w’ithin the knovvhslge of th<> wife, at the time of the 
mamage, makes the (fontract voidable, and .sepai'ation can 
be effected by a judicial decn**'. 

Furtlrer the (•onc^eption of marnage, as “ the voluntaiy 
union for life of one man and one woman to the exclu- 
sion of all others” is not applicable in Islam, for the 
Muslim law considers polygamy as law'ful. Hence the Mus- 
lim ideas of matrimony are not in harmony with th<‘ 
Roman, (’hristian, or the Hindu contoption of marriage. 
Islam differs from all in ii’eating marriage, at the same 

' Story ’« “Conflict of Laws’ p. 144. 

"Per Lord Penzance in Hyde V. Hyde and 

Woodmansee, L. il. P. and M. 130. 
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time, as a tlevotion and a (jontnuit. It is a compromise 
i)etween two divergent schools of thought, it falls short, of 
the Roman amception of “ free marriage”, predicating tlu* 
legal equality of the marrietl pair in all resptH'ts; hut it 

nses above the conception (»f indi.ssolubility of a sacrament 
Approximating to the Roman “free marriage” is the modern 
progrcjssive (‘cmceplion of matrimony in the UniDnl State.'^ 
of America. The ancient view that husband and wife are 
oni! ixuvon (according to Blackstone this was the old 
English Common law rule also) is not found in the United 
States. It has Ixon replaced by the Roman conception 
that married parties are two distinct j)er.sons. It is equally 
interesting that the Mitslim law always acknowledged 

this view, and a Muslim woman has a definite independent 
legid status in the eye of the law. The notion of the 

wife’s separate property and that thert? was no community 
of goods betwmt husband and wife, is hilly recogni.sed 
by the Muslim law. 

In fact, the contractual a,speijt of marriage is so 

prominent i>i the Muslim law that it has led .some jurists 
to treat it entirely as a civil contract. Mr. Shama Chanin 
Sircar, the 'Fagort' law lecturer (187;t) says, that “tnarriage 
among Midiammadans is not a sacrament, but purtdy a civil 
contract; and tlcjugh it is solemniso(| generally with recita- 
tion of certain verses from the Koran, yet the Muhammadtm 
law does not positively prescribe any service peculiar to 
the occasion.” These observations were accepted by Mr. 
.lusticre 8ye<| Mahmud in a judgment and ho remarked, 
“ According to Muhammadan law, mamage is a civil 
contract, upon the completion of which by proposid and 
accephma!, all the rights and obligations which it create.^, 
arise immediately and simultaneously,”* and further he 
compared marriage and dower with the contnict of .sale 


8 All., 149. 



TilK rOXCKFnON OK Ml.SLfM MAKRIAOK, 

tliUH. — “ Her right to resist her hiisbanfJ, so long as the 
(lower remains unpaid, is analogous to the lion f»f a vendor 
upon the sold goods, while they remain in his possession 
and so long as the price or any part of it is unpaid, 

and her sunender to her husband resembles the delivery 

of the goods to the vendee His Lordship’s 

remarks remind one of the amient customs of maniage 
by purchase and sale — rather a bfu'kward step. Mi’. 
J ustiei* Abdui’ Ihihim has eori’eetly observed that “ the 
Muhammadan jurists regard the institution of marriage 
as partaking both of the natni'e of ‘Ibadat’ or devotional 
acts and ‘muamalat’ or dealings among men”*. The 

intimate connection between religion and law, and even 
politics is so interwoven in the Muslim faith tJuit it is 
difficult to draw’ defined and clear distinctions ; the moi'C 
so w’hen marriage is rogar<led as the pillar of faith and 
Sunnat Muvakida by all the jurists.* The learned of 

the Sunni sect have in some cases considered marriage 
to bo a duty, in others obligiitory, while in some cases 
abominable and sinful. 

It is customary and obligatory to recite the Surat- 

ul-Fateha (the opening chapter of Koran) at the time of 
the Nikah, and an omission is considered as unortliodox. 
Indeed these cei-emonies arc signs of solemnity, and as 
under Muhammadan law, an established custom is rwognised 
as equivalent to law, it is in(M»rrcct to say that an omission to 
recite Koranic verses is of no legal significance; at least il raises 
a rebuttable presumption as to the validity of marriage.* 

'. jurisprudence p. 327, II is similar to Mmlestinus' 
view '' divini et humani juris” (Dig. 28. 2. 1.). 

*. Morley's Digest Vol. I P. cLrxxiii. “ The laws of the 
Hindus and Mulmmmadans are jxirt and parcel of their religion.'' 

11 P. i?. No. 124 Boulnois J. ohsened the ‘‘'legal 
mode oj establishing the status oj marriage is connected ivith 
a religious ceremony '' 13 A. L. J. 113. The Privy Council 

observed that a ” Nikah marriage is a religious ceremony .” 

34 
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MuKlim is thus nn institntiou of “Ibadat” 

clothed in the legal form of (‘ontracl, rogidating sexual 
inlevcourso ; hut its eontiunaucc' is dopeiulent upon the 
luaintenauee of (conjugal afleetion. It is only in extreme' 
eases that a dissolution is eftechMl in harimtny with the 
dictates of the Prophet; it also partakes of the nature 
of partnership for economic ends and social co-operation 
for tlie benefit of uniformity and onler in socioty. 



DEPARTMENT OF CHEMISTRY. 




NEGATIVE CATALYSIS IN OXIDATION 
REACTIONS. 

N. R. DHAR. 


Many examples of the phenomenon of negative cataly- 
sis in oxidation ix'actions are known from a long time. 
Thenard (Traile. de. •'"Chim. 1 (1816) 236) first observed 
that the oxidation of phosphorus is ix^taided by the pre- 
sence of certain organic vaix)ms. Graham (Quarterly 
eloui*nal of Scieniie 11 , 182t), 8.3) was tlie first to observe 
tliat alcohol vapour, cthw", ethylene, naphtha, turpentine, 

etc., protect phosphorus from being atlcil upon by 
oxygen. Several other workers notably llerthollct, Mit- 
scherlich, Scdionboin, Vant Hbfi', (Zeit. Phys. Chem. 16 . 
(189.5) 415) Centcrszwer, (Zeit. Fhys. Chem. 20 (1898) 1) 
8charf (Zeit. Pliys. Chem. 62 , (1908) 179) Thrope and 
'rutton (Jour. Chem. Soc. 57 (1890) 550) Weiser and 
GaiTison (Jour. Phys. Chem. 25 1921 61; 473) and others 
have <.)bserved that vapours of organic substances like 
sdcohol, tuipentine etc., markedly retard not only the oxi- 
(.lation of phosphorus by oxygen or air but the oxiilation 
of phosphorus trioxide, is also retarded l)y vapours of organic 
substances. In other words alcohol, turtjentine, H,>S and 
the vaix)ur of other oi'ganic substances act as negative 
(fatalysts in the oxidation of phosphorus by air or oxygen. 

Adrian (.Jour. Pharm. Chem. (VT) 18 (1903) 5) ob- 
served that the presenc'e of ethyl alcoliol prevents the 
oxidation of chloroform by oxygen or air in light. 

Jn the oxidation of Na^SO* by oxygen or air many 
negative caUJysts are known. The eftect of negative cata- 
lysts on IIm! oxidation of Ka,S(.)s Was first studied by 
Bigelow (Zeit, Phys. Chem. 26 (1898) 493) who found 
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liiat the oxidation of the salt in aqueous solution was 
greatly retarded by the presence of minute quantity of 
bonzaldehyde, isobutyl alcohol, glycerol, phenol, tarterk; acid, 
mannitol, etc. Bigelow also demonstrated that Ifie efiect 
of a negative} catalyst is not on the rate of solution of 
oxygen but on the rate of the reaction between the sulpliite 
and oxygen. A few years later Titofl' substantiated 
Bigelow’s ri}sulls and in addition studietl the simultaneous 
ejHect produced by CuiS 04 a powerful accelerator and mannitol 
a strong retarder. He found that these two substances 
do not exert any additive effect but influence eacli other. 
Young (.Jour. Amcr. Ohem. Boe, 2S, (1001) 110; 24, (1902), 
297) found that small <)uantities of certain alkaloitls, like 
quinine, morphine, brucine, nicotine and substanajs like 
aniline hydroxide, amine, ammonium salts, KGN etc., also 
greatly retard this oxidation, specially if this solution is 
alkaline. 

The inhebiiary effect of sucrose, invert sugar, asparatic 
acid etc., had been observal by Sailland (Zeit. ver. Zircker- 
ind 6S, (1913) 1035). 

fn 1012 rve c;onducted some exjjeriments on this 
line and the results wene publishcxl in 1020 (Dhar, Dutta, 
Bhattachujya, Broc. K. Akad. WetenscJi, Amsterdam S3, 
1920, 300). We determinc'd the velocity of the oxidation of 
Na^BOj in air in presence of various organic sulrstances. We 
were quite surpi’iscxl to line! that the oxidation of Na,BOr. 
is markedly affecUxl by tire quality of water used. Or- 
dinary distilled water was quite iirofficierrt as it corrtairred 
suflicicmt dissolved salts and gases to affect course of the 
reacitions mai-kcdly. Consequerrtly freshly prepared condirc- 
tivity Avater rvas used in our experiments ; irr spite of every 
precairtiorr it rvas found that the velocity co-efficients of 
reaction carric^d out under identical conditions, but on differ- 
ent days and even on different trme.s of the same day, 
Avere slightly different. Titoff' also made more or less 
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siniihir observations. From oui- (‘xperiments we lind tliat 
cane sugar, lactose, glucose are veiy strong negative ca,ta- 
lysts in the oxidation of NauHOj by air. It appears 
probable that the sugars as a class will act as marked 
negative catalysts. It lias Iteen found that sparingly soluble 
volatile organic .sub.staneos like camphor, menthol, etc., have 
marked negative effiict whilst naphthalene, anthrac^ene havi* 
practicfdly no effect. It is rather surprising that weak a(Mds 
like acetic, propionic, cacodylic etc., have comparatively small 
retarding effects ; their sodium salts also exert pra{“tic<ally the 
same effect as tlie acids. (.)n the otlier hand, comparativfly 
stronger acids like oxalic, .salicylic, benzoic etc., ('xert much 
gi’cater retarding effect and their soilium salts loo exert tlu^ 
same effect as the acids. Moreover it has been observed that 
sodium salts of strong inorganic acids have no marked effect. 
We laive observed that hydraquinone has a very marked 
negative effect on this reaction for the same concentrated, 
it exerts the greatest negative effect among the catalysts 
investigated up till now. Consequently during the war 
hydroquinone was used a.s a preservative in NaaSOj 
which was .semt to places like Mesopotamia, Baghdad 
and other hot (iountiies. Curiously enough the temperature 
co-efficient of the oxidation of NajSOs by oxygen unlike 
that of most other heterogeneous reactions is about two 
between the temperature interval of 25“ to .‘j5“ ft has 
been observed that so long as 1/3 of the substance is 
oxidi.sal the unimolecular velocity co-efficients remain 
practiciiUy constiiiit, but as oxidation proceeds further 
the velocity co-efficient inci’oases rapidly, jjs the reacition 
is autocatalytic. 

Mathews and his collegues (Jour. Phys. (Jhem. 17, 
(1913) 211; Jour. Amer. Chem. Soc. 39 (1917) 635) 
have found that ultraviolet light markedly accelerates the 
oxidation of Na,SOj by oxygen or air. l^r this 
photochemical reactions they could not find a positive 
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(':it;ily.sL (/i)pp!‘r siilpli;ip‘ vvliujh Is known to l»e :i 
powerful posilive ciilalysl For (l)i“ dark I'oaetion oxorPHl 
no (‘ft'ccl in tihraviolol light. On llio oth(*r hand, the 
nogativo (catalysts like hydniquinone, phenol, etc exert a 
r{‘tarding efieel irj pres(*iu*o of ultiviviolet light, so it 
appears that there exist a voiy Few positive catalysts, 
blit very many negative catalysts for this reatition, when 
carried out in light or in dark. The explanation of thi* 
negative <*atalysti(! eFFect of organic substances advancixl 
in our pa]K>i' is tins — “The reaction consists in oxidation 
of SO;, ions to SO, ions, the undissociated portion of 
XuaSOj seems to be inactive. ft is well know'ii that 

several organic substances form complexes ivith H,SOs 
and sulpliites. Hence It is very likely that substances 
like hydraquinone, itano sugar, gj-ape sugar (‘tc., would 
form complexes ivilh the sulphite ion and would thus 
decrease the concentration of sulphite ion ivhich is 
supposed to he the active substance in this oxidation.’' 

fn the same papi'r the insufficiency of Luther’s 

views (Zeit. Phys. Cheni. 4/>, (190.'») 002) to explain 

negative catalysis was also pointed out. Luther advanced 
the idea that negative catalysis Ciinnot take place in a 
reaction w'hich is entirely free from positive catalj^sts, 
and the phenomenon is really due to the destruction or 
otherwise rendi^ring latent of these positive (;aialysts. 
Titoff is oF opinion that the oxidation of Na,SOs pro- 
cix^ds with a m(;asural)Ie velocity in the presence of some 
(sitalytic agent, say (.’uH() 4 . Mannitol acts as negative 

catalyst on this reaiition. Titoff also studied the lombined 
effect of negative' and positive catalysts on the rate of 
oxidation of NaiSOs and from his results he lent 
support to Luther’s view, which seems to be very doubtful 
From the following reasons. According to Luther a 
negative I’latalyst must have a positive catalyst as its 
counterpart ; but this is not probable since there are 
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SO few positive Cfitalysts and so many negative catalysts 

in most chemical reactions. 

In previous papers (l)har. Jour. C'hein. Soe. Ill, 
( 191 ?) 707 ; Annales tie cliiinie, I liave observ'd! that 
manganous salts act as powerful negativ'o catalysts in 
many oxidation i-eactions notably the oxidation of formic 

and phosphoi'ous acids by chromite acid, oxidation of 
sodium formate by Iodine or AgNOj or HgC'U oxidation 

of ferrous salts by AgNO, etc. It is well known that 

manganous salts c:ui readily pass into the manganic 
state. 


1 have observed tliat in lla^ oxidation of oxalic 
acid by chromic acitl, molybdi<* acid, boric acid, and 
excess of fli804 are negativ<‘ <!iital,ysts. Similarly NaNoj, 
iVH^NO,, NaCi, NH^C'l, UCi MgCl,, (JdCU, Cr, 
(So*):,, ZnSO*, CuSO*, NiSO*, K^SO*, Xa.SO*, 
KjCjO*, MgSC)*, (NH4 )iS 04, NaF etc. are negative 
catalysts whilst only manganous salts K NO,, KCl 
are positive catalysts. lii the oxidation of fonnic acid 
by chronict acid mangane.-^^ .salts, K NOj, KC’l, KiSO*, 
Na NO,, XaCl, Na, SO*, NH4NO3, Nil* Cl, (NH*), SO*, 
Li Cl, ammonium molybdate, ZnSO*, C^iSO*, Co(NOs),, 
( ^oCU, Li NO„ N'aF, (MXO,)„ CaCL, Srt’L, Sr(XO,J, Ba 
(NOs)!, Mgl'l,, MgSO* are negative; cataylsts, whilst 
H.SO* (?dCU, (M (NoO„ Zn('L and Zn(NO,).4 aw 
positivf' Cfitalysts. In the oxidation of sodium formate by 
iodiiK' lufingjinous sfilts, NaCl, XaBr, KBr, Li(No3) 

BalNO*),, 'Hr(N03)3, Mg(S04). ZnfNO,),, CoCNO,),, 
Co(SO*), NiBO*, NiCU, Oi (SO*), etc., ;iro negative cata- 
lysts. Whilst K NO,, KCl, K,S04, Nn*N03, NaNO,, 
Na. F, Nil, SO* and Cd salt.s aw ficoelerators. In the oxi- 
dation of H COO Na by merianii; chloride, mangfinou.s salts, 
Li NO,, MgSO*, Bn^NO,),, Sr (NO-,),, Ca (NO,),, 
Zn(NO,)„ Co (NO,)„ CoSO*, Ni SO*, Cr, (SO*), etc., are 
negativ'c witalysts, w'hilst K NO,, K, SO*, Na NO, 
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Nfi,S04, C H,COO Na, and Na F are positive catalysts. In 
the oxidation ol' M COO Na by AgNO* only KNO* is 
an accelerator whilst Ks HO4, NaNOj, NaiHO*, Na F, 
Li NO, NH4 xN" 0„ Ba(NO,;„ Sr (NO,)„ Ca (NO,)„ 
MgS04, Zn SO4, Cd (SO4) (VI (NO,), etc,, are negative 
catalysts. In the oxidation of Fe SO4 ))y iodine an exce.ss 
of Hj SO4 is a marked negatives catalyst while no positive 
catalyst has hoen found for tlu* above r(*a(!tion,s. Conse- 
quently from our experiments we Hin<l tliat the number 

of negative catalysis ;ir(i inon* num(>rons tlian the number 
of positive catalysts, thus our results do not support 

Luther’s view about negative eaudysrs. Whilst investigating 
the mechanism of some imhiced reattions 1 was struck 

by the fact ihat tlie velocity of oxidation of Na,SO, 

by air is markedly retardeil by the presence of sodium 
ansenite. This observation led to a thorough investigation 
of the plienomenon of negative cataly.sts from stn-eral points 
of view and my results anti c-onclusions were embodied in 
a paper (I)har. Proct. K. Akad. Wetensch, Amsterdam ^9 
( 1921 ) 1023 ) in which I stated that the phenomenon of 
negative cattdysis is possible when the catalyst is likel}’^ 
to be oxidisetl. The following litu>,s of arguments were 

advanced in that paper. 

It is well known tliat a .solution of sodium arsenite 

is not oxidised liy atmospheric oxygen undej- ordinary 

conditions. On tlie other hand a .solution of sodium sulphite 
is readily oxidi.se<l to sodium sulphate. Now if we mix 
the two together both the oxidations take place .simul- 
taneously. At the .same tinu* a cunous phtmomenon takes 
place. The velocity of the oxidation of sodium sulphite 
becomes very small in prcvsence of .sodium arsenite, that 
is sodium ansenite which is undergoing a slow oxidation 
acts as a powerful ntgative (sdalyst in the oxidation of 
sodium .sulphite. Similarly a .solution of an oxalate w’hich 
also undergoes slow oxidation in presence of sodium 
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sulphite, whieli itself is being oxidised deerosses to a. marked 
extent the oxidation of sodium sulphite by atmospheric 
oxygen. It appeals probable, thei-efoie, that the phenome- 
non of negative catalysi.s is possible only when the catalyst 
is liable to be oxidised. 'Phese leases are of groat impor- 
tance in connection with the i:ontrover.dal (jnestion of 
negative cjitalysis. 

In a previous paper (Jour. ('■iiem. t^oc. (tbl7) JJJ, 
707) I have shown that manganous sails act as powerful 
negative cratalyst in the oxidation of formic and phosphorous 
acids by chromic acid and manganous sails (%‘in easih'^ jiass 
into the manganic >stale. Monxivor it has been shown by 
myself as well as by otlier workers tliat various organic 
substances notably hydraiiuinone, brucine etc., act as nega- 
tive catalysts in the oxidation of sodium sulphite by oxygen, 
and all theses organics substances are thcmiselves readily 
oxidised. It is well known that the oxidation of 
phosphorous by oxygen of the air is retarded by 

vapours of various organic substances c. </., ether, 
turpentine!, alcohol, etc., and the oxidation of chloroform 
is retaivbd by the preseiu*e of a small cjuantity of 
alcohol. Now all these negative cataly.«ts are good ixxlucing 
agents and are themselves rc^adily oxidised. Hence in 

oxidation ivnctions, the phtmomenon of negiitivc ealaly.sis 
takes plaice when the* catalyst itself is liable to be readily 

oxidised. 

A study of tfic? slower oxidation that takes place at 
ordinary temperatures has not only shown that the proces.s 
of oxidation i.s complicated by the presencjo of water but 
the question has been raised that just so much oxygen 

takes part in the induced I’eactions as combine ivith the 
substance undergoing oxidation. 

Schonbein (Jour. Proct. Chem. 75 (1858) 99; 

(1894) OS, 25; lOS 220, (1868) first noticed that when 
certain substances arc undergoing oxidation .spontaneously 
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in iituiospherie oxygon, one pa i t of oxygen eoin bines directly 
with the subslanei', undergoing oxidations wliilst another 
part of it is converted into ozone- H,Oi or sijnultaneously 
oxidises some other suljstanee. Hchbnbein (loc. cit) still 
further denionstrateel that just so much oxygen is rendered 
active as is consumed by the substances whie;h is being 
oxidiseel. Hence in all slow oxidations the same amount 

e)f oxygen is reeiuireel as is eionsumeel in the formation e)f 
H.,Oi From water, or is utilisenl in the; ineluex’d oxidation. 

Later investigators like dorissen (Zeit. Lhys. Chem. 
(1897), ^^-5 (>07), Lngier and Wild (Ber SS 1901, 1000) have 
veriiioel the law of JSchbnbein in several cases. If we; expose 
a mixture of Nui 80, unel sodium ai‘senite to almospherie; 
oxygen according to 8chonl>ein (loc. cit), one atom of 
oxygen shemlel go to oxidise Na, SO, while the.; other 
atom woulel oxielise a me)lce;ule of seeelium arsenitei in the 
same time, d’he oxidation of sodium arsenite is a very 
slow chemical change and in order that 8clibnbein’s law 
be applicable it follows iimneeliately that the oxidation of 
Na, SO, which is fairly rai)id become-s a sloev ediange 

and the velocity of this eexidation beceniies eijual to tliat 

(jf the e»xidation of sodium ai-scnile, fiecause* the* same 
amount of oxygem evill be takeai up by the i-exlueing agents 
in the same lime. As a matter of fact fi-om my eixiKU-i- 
ments I have observe*d tliat in presence of sodium arsemite 
or pohissium oxalate the velocity of oxidation of seKliuin 
sulphite becomes very small. We; assume that a molecule 
of oxygen splits up in this reaction into two atoms and 
each atom oxielise.s one of the reelucung agents. Now as 
a solution of Nai BO, is inue;h more* readily oxidised than 
a solution of soelium arsenite it becomes difficult to under- 
.stand why the other oxygen atom insteael e)f attacking the 

readily oxidisable unacteel Na, BO, attacks the much nmre 
difficult oxidisable sodium ar.senite, or if we assume that 
at first a peroxide of the ty^x; Bodlander’s benzoyl peroxide 
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(Alinins .sani 3 17(J 1.899) ) is loi’mecl as a combination 

o sodium sulphite with a moh^cuh^ uF oxygen. We are 
still (sncoiuitercd with the same diniculty. In this ca.se 
we will have to assimu' that this peroxide instead oJ attiick- 
ing the readily oxidiaalde and unattacked sodium sulphite 
will attack the less readily oxklisahle sodium arsenito Ity 
preference. It seems lo me therefon* that the only eour.se 
lelt lo us is to lind out the explanation on the view of 

the formation of a complex sulphite and arsenite or of 
sulphite and oxalate and that this complex is oxidiseil as 

a whole. It is well known that eoJJiplex oxalates and 

sulphittvs do exist. Ostwald thinks that in order to (jxplain 
l)ositivo catalysis by the hypothesis of intei'inediate compound 
loiination it is neces.sary to show that the intermediatt! 

reactitms actually take place more readily than tlw; direct 
reactions under the given (jonditions, hewiuse if a reaction 
go(;s more; slowly ma the intermediate product than the 
direct part it will take (Ik; later and the jwssihility of 
the formation of intermediiite products can have no influ- 
once on the [)roce.ss; “Hence” adds Ostwald “1 see no 
[possibility of explaining rehirding catalytic iuHuences by 
the intermediate products ’’ (Nature 1902 6V> 522). 

1 have observed in a previous pa])ei’ (Proc. Akad. 

Wet. Amstei'dam %3, (1920) 299) that the oxidation of 
sulphites and suI[)huroir acid, the sulphite ion is the aftlivt; 
agent. If we can decrease tlu; sulphite w//, we can decrease tlie 
chemical change and a solution of sulphurous ackl which is 
a weak aiad containing f(wv sulphite /oJi-s is oxidised less 

readily than a solution of .sodium sulphite of the same 
concentration. On the addition of an arsenite to a 
sulpJiite a c!omplex wdiich itself is oxidised as a whoUi 
is formeil. At the same time the velocity of oxidation 
of tlu! sul[)hite becomc.s less due to the tlccrea.se in the 

concentration of the sulphite ioni^ aiising out ol the 

formation of a complex of sulphite anti ansenite or of 
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suiphiti! anil oxalate. Heit it seems to me that the 


only plausible 

explanation of 

this 

negative 

catalysis 

stands on the 

hypothesis of 

the formation 

of an 

intermediate com 

[)lex compound. 




Since the 

[aiblicaiion of 

tl.e al 

l.>o\e resi 

ilts and 

ctmclvisions, several wnrktTs have 

! paid 

attention 

to the 


problem of m?gati\’e (;atalysis. In a series of vojy 
interestinjj; resojirches, Moiireii and Dufraisse (Comt. rend. 
HA (1922) 2b8; 175 (1922) 127; 170 (1928) 024, 

797, 178 (1924) 821. 1897, 1802; 179 (1924), 287) 

have shalied the absorption of ox}’’gen l)y substances 
like benzahlehyde, acrolein, acetaldehyde, propaldehyde. 
chloral, cimiamieahlehyde, anisic ahlohyde, hydroeinnamie 
aldehyde, furfiiroi, styrol, (jssenee of turpentine, butter etc., 
in presence of phenol thymol, catechol, resorcinol, pyra- 

gallol, > naphthol, >' napthol, gallic acid, salujylic aldehyde, 
tannin, ortho-nitrophonol orthoaminophenol, hydi'oquinone 
etc. They have found that all these substances act a.* 
negative catalyst.s in the oxidation of the first group of 
substances by air. 'riioy have observed that hydroquinone, 
pyrocatecthol, pyrogallol are the best retarders. It is 
well known that these substan(;e.s a)’e very good reducing 
agents. Moureu ami Dufraisse have thrown out the 

suggestion that the l>iological oxidation in animals and 
plants is possibly retardcxl and takes place at a desirable 
velocity because of the presence of phenolic substances in 
plants and animals. In plants plienols occur very 
frequently whilst in animals phenols hardly exist and 

that is probably the reason wliy life In plants and 
vegetables is slower aiul less intense than in animals, 
as phenols reduce the rate of oxidation by oxygen of 
substances in plants. Mourcu and Dufi-aisse have also 

observal that in the absorption of the oxygen by acrolein, 
allyl iodide, iodo-benzone, otliylenc', period ide two iodide.s 
of benzoylphenylacotylene are. inactive, methyl iodide, 
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ftthyl iodide, metheylene iodide, iodoform, carbon tetra 
iodide, acetylene di-iodide, chloride of iodobenzenc', iodobenzne 
iodilobenzene, iodeosin etc., arc accelc'rated in the oxida- 
tion of acrolein by ox 5 '’gen. 'riie following .substances 
act as neg!itiv(‘ catalysts at Hr.st and then after .some 
time they behave as |)ositiv(‘ (catalysts. Methyl iodide 
Molar/80 (after few seconds), methylene iodidcJ M/lOO 
(15 minutes), Iodoform M/lOO (20 hours), Carbon 
tetra-odide INI/lOO (after .-Kweral days), ethylene iodide 
M/lOO (8 hours), acelytenc iodide M/IOOO (18 hours) 
indol M/IOOO (90 hours), lienzoyl iodide M/1 000 (70 

hours). M/lOOO iodosobenzenc acc>tato behaves at first as 
an acceleratoi' and then as a relard(;r. In this connec- 
tion it will be interesting to note that in a previous 
paper I have observ(*d that HiSO* at moderate 

concentration accelerates and in large I'xwss retards the 
oxidation of oxalic acid l)v chromic acid (Dhar. .four. 
Chem. Hoc, 111 (1017) 707). Free iodine is at lir.st a 
negative catalyst but after the decolourisation of the 

liquid acts as a positive catalyst, .Vlonreu and Dufraisse 
have cotne to the conclusion that iodine eithei- in ionic 
condition or in combination with organi(^ subslance.s acts 
a.s a negative catalyst. It is well known that iodides as 
well as organic iodiiK' compounds can behave as reduc- 
ing agent.s. Moureu and I )ufrai.s,s(‘ have .suggested that 
the presence of iodine* in plants an<l animals regulate.s 
the phenomenon of bio-chemical oxidation. It is very 

interesting to ob.serve th:it in higher animals, which usuallj' 
exist in a medium very poor in iodine content, the iodine* 
is more or loss comuiutrated in the thyroul gland which 
is supposed to 1)0 tiie regulator of oxidation in the animal 
body. Moureu and Dufraisse (Comp. Rend. 178 , (1924) 824) 
have shown that fi'ce iodine a(;ts jw a negative catalyst in the 
absorption of oxygen by benaldehyde, furfurol, and bronio 
styrol etc., whilst iodine has been found to be an acctelerator in 
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the oxidntion of styro! and some oils with oxygon. Iodides 
of potassium, litihinm, silver, (.a. Mg, Zn, Hg, ammonium, 
dimeth 3 d iimmouium, trimethyl ammonium (^tc., a('t as nega- 
tive eatalyst in praetic!ill.y all these oxidation reactions. 
'Hie lodophenols also act as negative eatalysts. Moureu 
and i^ufraisso ai’o of opinion that phenols and iodophenols 
ax^t as negative cxitalysts and the )neehniiism of the m^ga- 
live catalysts are more or loss iralentical. Mourx>n and 
Dufraisse in their pajKM', ((/omp. rend. l'2n, (1024) 1862) 
havt' noted that the eatalytic properties of sui)stanees as 
far as imgativt^ eatal^^siH is (xmw'rnod is (*onnected with 
the tendency of thc^sx^ sulistanex's to he o.xidisc'd. As has been 
already emphasised we came to the same xionolusion (Dhar. 
Proof. K. Akad. Wetensx^h 20, (1921) 102;*). Moureu and 
Dufraisse havx? obsc'rved thtit frt'e sulphur and several of 
its compounds act as marked nx^gative catalysts in several 
of the oxixlation reaxstions. TIu? following results were 
obtjiinexl by Moureu and his x*o-workers (Comp. Rend. 
179, 1024. 22*7). In the absorption of (»x,vgen by 

benzaldehyde tlie following substances w'cre negative^ 
catalysts, P^S,, thio phenol, ethyl, xanthogen anilide, methyl 
xanchogen, amidediphemddistdphidx*, potassium ethyl xanthroge- 
nate, diphenyl thiourea, ethyl xantliogenarnite, soditim jnetliyl 
anxl ethjd xanthrogenates. Moreover sulphidi's of As, 
Sb, Bi, Hn, Na, Zn, (.\1, Fe, Ki, Id), On, etc., thio- 
ui-ea, thio sinn:imine, thio lailic acixl, thio hydracrylic; acid, 
etliyl diaxnthogen, ethyl sulphide, methyl sulphide, diethyl- 
sulphide, dimethylsulpliide, ethyl ima’captan, monothio hydra- 
(|uinone and its carl)Ox\’^ ethyl esters, thio diglycol, methyl 
.xanthogenate of methyl, phenyl sul[)hidx‘, ethyl xlisulpho- 
oyanidc', .sulphocwmate of K, NH* guanidin(\ NmiHOj, NH+ 
FISOs etc., act also as nx^gative x^atalysts in the absorp- 
tion of o.xygen by benzaldehjale. It is a very xairious fax^t 
that sulphixles of Mn and Co act as positive x^ataly.sts in 
the oxixlation of benzaldxhj'dc by oxygen. With acrolein 
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the following results wei’o obtained ethyl mercaptan, methyl 
and ethyl xanthogenamides, ethyl xanathogenamidc, diphenyl 
thio urea, thio lactic acid, thio glycoli(r acid, thio phenol 
diethyl disulphide, diinetliyl sulphide etc., are negative cata- 
lysts. Sulphur P.1 S,,,Sh, Sj, Mu S, Bij Sj alkaline xantho- 
genales, pottissiura ethyl carbonate, diphenyl disulphide etc., 
an? without any action, ethyl sulphide, methyl sulphide etc., 
are positive catalysts. With turpentine, sulphur, antimony 
sulphide, Bi, S3 are practically inactive, thio phenol, and 
manganese sulphi<le are accelerators whilst ethyl xanthoge- 
namide, sodium and potassium ethyl xanthogenatcs, diethylene 
disulphide etc., are negative catalysts. P4 B3 is at first 
a positive Ciitalyst and then it becomes :i negative cahi- 
lyst. With styrol, P* 83, thiophenol, ethyl meriifiptiin, antimonj'^ 
sulphide etc., are negiitive cahilysts. Wulphur is inactive 
whilst ethyl xanthogenamid<.‘, potassium ethyl xantliogenate, 
dielhylene disulphide, sodium ethyl xanthogenate, manganese 
sulphide etc., are negative catalysts. In the oxidation of 
siidiiim sulphide containing Na,COj the following results are 
obtaini;d. Thio phenol, sodium methyl xanthogenate, sodium 
and potassium ethyl xanthogenates, sulphur, sodium sulphide, 
P4 83 dielhyl disulphuk?, sodium thio sulplmte, ethyl xantho- 
geuamide, manganese sulphide (green), 8b* 81, thio inea etc., 
have been found to be negative catalysts, whilst sodium hyposul- 
phide, copper sulphide, so<liiitn .and ammonium thio-cynatc, 
manganese sulphide (rose) et(%, aic positive catalysts; when the 
sodium sulphite solution is neutralised using phenolphthalein 
as an indicator the following results are obtiiined in its 
oxidation by oxygen in presence of various catidysts. Sodium 
methyl xanthogenates, sodium sulphide, thio phenol, sodium 
thiosulphate, thio urea, potassium and sodium ethyl xantho 
genates etc., are negative catalysts. Whilst Bi, S3, Sb, S3, 
sodium hyposulphide, ammonium thio cyanate, green and red 
sulphide of manganese sulphur, pofcissium sulphocyanate, ethyl 

xanthogenamide, diethylcne disulphide arc positive catalysts. 

3C 
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It is practically impossible to explain I’rom a single 
point of v'iovv satisfactorily all these diverse exporitnental 
results obtained b)'^ Moureu and his coworkevs ; but one 
thing is absolutely cerhun tliat majority of the substances 
investigated are m^ative catalysts in the absorption of oxygen 
by substamies like benzaldeliyde, turpemtine, acrolein etc., 
and these negative catalysis are known to be good reducing 
iigents. Recently Lifschlitx and Kalberar (Zeit. Phys. Chem. 
102, 1022 dOd) have shown that ether retards the slow 
oxidation of raagne.siuin alkyl halides of the Grignard type, 
and this oxidation is revealetl by luminescence on expossure 
of sabstimt«s to air. Delepine (Compt. rend. 17A (1922) 
1291) has shown that in the oxidation of several organic 
sulphur compounds, luminescence is observed and these 
substances themselve.s and other sulphur compounds can 
act as negative catalysts in their oxidation by air. In 
this connection it will be interesting to note the following 
observation of negative catalysis caused by sulphur com- 
pounds. As early as 1707 Berthollet observed that the 
lurainescenc(3 of phophorus is hindered by traces of 
sulphurous vapours. Davy in 1817 observ(xl that traces 
of H,S retard the inflamation of a mixture of hydrogen 
and oxygen. Young (loc. cit) has observed that sulphur 
and hydrogen sulphide are positive catalysts in the 
oxidation of stannous salts by air. Gn the other hand, others 
have found that thio-urea and its salts, sodium hyposulphite, 
bisulphite, of aldehyde act as negative catalysts in the 
oxidation of shmnous .salts by air. 

It has also been shown that oxidation of India nibber is 
retarded during vulcanisation when a little sodium hyposulphite 
or NaiSOj is added to the rubber. Moreover acetyl 
thio urea prevents fatty substances from being rancid and 
H,SOs makes the solution of adrenaline stable. We have 
observed in a previous paper (Mittra & Dhar Zeit. 
Anorg. Chem. 122, (1922) 146) that sodium thio sulphate 
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retards the oxidation of NajSOs. It has also been 
observed that traces of sulphur retard the oxidation of 
paraffin by oxygen at a temperature of 135 '’C. It is 
evident from tlie foregoing results that all these negative 
(catalysts in oxidation reactions are typical i-eclucing agents. 

It is believed that nitrous acid decomposes a(!Cording 
to the following equation: — 

3 hno,:!:;hnOs +2no+h,o. 

We are determining the velocity of this reat;tion in 
presence of different cjibdysts. We observe that the 
velocity of this reaction is greatly retarded in presence 
of glucose maltose, cane sugar, glycerol, etc. The 
decomposition of nitrous acid is really caused by the 
oxidation of some molecvdes of nitrous acid, to nitric 
acid and the reduction of certain other molecules to 
nitricf oxide. Hence this is a case of auto-oxidation and 
reduction Piking place simulPineously. 

Consequently reducing agents like cane sugar, glucose, 
maltose, glycerol, (itc., act as negative catalysts in (his 
rciiction involving auto-oxidation and reduction. 

It is well known that phosphorous acid decomposes 
according to the following equation: 

4 H,PO »=.3 H3PO.+PH3. 

Similarly hypopliosphorous acid decomposes according 
to the equation: 

2 H3P0,=H3P04+PH3. 

It appeal’s probably that in these reactions involving 
auto-oxidation and I’cduction, ixiducing agents like sugars, 
glycerole etc., would be negative catalysts. 

Consequently the experimental work available on 
negative catalysis has amply verified the accuracy of our state- 
ment that negative witalyst is readily oxidised. It has already 
been remarked (hat in our previous pubiKSition (loc. cit) 
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I have observed that the explanation of negative catalysis 
in the oxidation of Na * SO a in presence of sodium 
oxalate rests on the formation of a complex of sulphite and 
arsenite or of sulphite and oxalate, and this complex is 
oxidised as a whole. T am still of the opinion that this view 
satisfactorily explains at least qualitatively most of tlie 
phenomenon of negative catalysis hitherto investigated. In 
all these mictions oxygen is being slowly absorbed by the 
reducing agents e. g. benzaldehyde, sodium sulphite, acrolein 
etc. Now as these reactions am rather slow, it is certain that 
a very small amount of the reducing agents can combine 
with oxygen in a definite time and it seems certain that 
the negiitive catalyst, even when added in small quantities, 
is in sufficient quantity to combine and form a complex 
substance with the greater amount of the reducing agents 
in the reactive state ; and that is why only traces of 
substances like hydraquinone, P* S3, sulphur, mannitol, 
lactose etc., are sufficient to markedly retard the oxidation 
of benzaldehyde, Na, SO 3 etc., by air. In foregoing papers 
I have observed that trac(?s of manganous sulphate markedl)'^ 
retai'd the oxidation of formic acid, phosphorous aidd etc., 
by chromic acid, 'fhe oxidation of these acids by chromic 
acid are slow chemical changes. Consequently it seems certain 
that only a few molecules of formic acid or phosphorous 
acid are combining with chromic acid in a certain time. 
Hence very few molecules of manganous sulphate would 
be enough to combme with the reacting molecules of phos- 
phorous acid or formic add and would affect the velocity 
of reaction. Similarly we have observed that traces of glucose, 
lactose, cane sugar etc., are sufficient to retard appreciably 
the velocity of oxidation of Na, 80 $ by oxygen, conse- 
quently it seems very likely that the molecules of these 
negative catalysts combine witli the reactive or active 
molecailes of the reducing agents c. g. Na» SO3, benzalde- 
hyde, acrolein etc., and form moleculai’ complexes. 
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In a recent paper (Dhar. Join*. Phys. Clieni. 28, 
(1924) 948) I Imve advanced an explanation of induced 
reactions based on tlie generation of ions in slow reactions. 
It is well known that ions are generated in tlie oxidation 
of phosphorous. It is very likely that tliese ions can 
activate molecules of oxygen, wliich thus become reactive, 
and induce chemical changes wdiich are not possible with 
molecular oxygen. Let us also consider the case of sodium 
sulphite and sodium arsenite when (jxposed to air. If the 
sfiontancous oxidation of NajSOs by air or oxygen can 
generate ions these ions will activate the molecules of 
oxygen which then react with molecules of sodium arsenite. 
As the aijtivated molecules of oxygen (tontain an excess 
of energy, they would readily combine with substances 
like sodium arsemite, oxalic; acid etc., with which molecnilar 
oxygen cannot combine at the ordinary temperature. We 
know that NajSOg readily combines with molecnilar oxygen 
but activated nioloc;ules of oxygen would hardly diffei-entiate 
betw'oen a molecule of Na^SOj and of sodium ai’senite 
because of their increased energy, (-onsequcmtly an activat- 
ed molecule of oxygon would he practically as good an 
oxidising agent towards Na,SOs as towards sodium arsenite. 

In the paper already referred to (Dhar. Proc, K. 
Akad. Wetensch. Amsterdam 29, (1921), 102;1) I remarked. 

“^ow as a solution of NajSOs is muc;h more readily 
oxidised than a solution of sodium arsenite it becomes 
difficult to understand ivhy the other oxygen atom instead of 
attacking the readily oxidisable unattacked NajSOs pi’efers to 
react with the more difficulty oxidisable sodium arsenite. Or if 
we assume that a peroxide of the type of Bodlander’s benzoyl 
peroxide is formed as a combination of NaSjOj with a 
molecule of oxygon, we are still encountered with the 
same difficulty. In this ease we shall have to assume 
that this pciioxide, instead of attacking the readily oxidisable 
Na SOi will react with the less readily oxidisable sodium 
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arsenite by preference”. These difficulties can be easily 
met from the point of view of the activation of oxygen 
molecules due to the genemtion of in the sponbineous 
oxidation of sodium sulphite by oxygen. It has been 
already emphasised that the ions generated in tlie 
spontaneous oxidation of substances like phosphorous, 
sodium sulphite etc,, can activate molecules of oxygen 
which thus bci^ome reactive and induce chemical changes 
which are not possible with molecular oxygen. Consequently 
with activated oxygen because of its extra amount of 
enei^y, sodium arsenite is practically just as good a 
reducing agent as sodium sulphite. Consequently in 
presence of sodium siilpliite, sodium fHsenite can be 
oxidised by atmospheric oxygen and the greater the 
quantity of ISiaiSOs the greater will be the amount of 
oxidation of sodium arsenite. 

Moiueu and Dufraisse explain the anticatalytic 
fiction of substances like liydroquinone, pyrogallol etc., 
on the absorption of oxygen by benzeldehyde, acrolein, 
sodium sulphite etc., on the hypothesis of mutual des- 
truiitions of peroxides. It is well known that hydrogen 
peroxide is decomposed by O3, MnO*, FhOs, KMnO*, 
HIO,, periodic acid etc. Moureu and Dufraisse assume 
that a molecule of oxygen at first combines with a 
molecule of benzaldehyde and forms a peroxide. At the 
same time it lias been assumed that a molecule of 
oxygen can combine with a molecule of die negative 
catalyst and would form a peroxide. Now these peroxides 
would destroy each other with the formation of tlie original 
substances find oxygen. 

A (benzaldehydel-kO* ^A()a,B (negative catalyst) 

-l-Oi~~^Bo* 

A0,+B0, = A-f-B+ 20 , 

OR A+Oa=A 03 , AOa+B= AO+BO=A+B+0* 
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They have observed that in positive catalysis the 
following reaction takes place : — ■ 

B()+A = AO+B, where AO is a stable Oxidi^. 
Hence BO can be formed directly at the expense of B 
and oxygen or by the action of AO^ on B. Now if 
the compound BO act more readily on A we have a 
case of positive catalysis but if BO acts more readily 
on AO we have a case of negative catalysis. 

Moureu and Dufraisse have observed that free 
sulphur is a negative catalyst in the oxidation of bcnzaldebydii 
by oxygen. We know that benzaldehyde can form a 
peroxide with oxygen. In order to explain this negative 
catalysis according to Moureu and Dufraisse we have to 
assume that (iither a molecule of oxygen also rea(;t with 
sulphur forming a peroxide and this peroxide would react 
with the peroxide of benzaldehyde with the regeneration of 
benzaldehyde, sulphur and oxygen, or we have to assume that 
the peroxide of benzaldehydi'. will react on sulphur witli the 
formation of benzoic acid and an oxide of sulphur and oxygen. 
From our (jhemical expericn(;e we know that these changes are 
rather unlikely. From a careful consideration of this c;ise and 
other cjises of negative cabdysis I am of the opinion that the 
hypothesis of Moureu and Dufraisse as an explanation of 
negative cahilysis base<l on the mutual destruction of two 
peroxides seems importable and far-fetchcxl. 

We have observed that .sulphur can be oxidi.sed to 
H,S 04 by air in presence of yellow phosphorus, cuprous 
oxide etc., which are undeigoing oxidation. 

Recently Joris.sen and co-workers (Bee, Trav. (^hirnique 
A2. (1923) 855; 43, (1924), 582) have disemssed some 

ceases of induced reactions and activation of oxygen; they 
have observed that in presencie of sodium sulphite, sodium 
antimonite can be oxidised by atmospheric oxygen. Jorissen 
has also discussed the reseiu'ches of Momeii and Dufraisse 
in their relation to induced oxidations. 
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As far arf T know 1 was liu* first, to ol).serve the pheno- 
menon of negative catalysis in induced reactions and I was 
the first to make the following observations (Dhar. Proc. 
K. Akad Wetensch Auisterdam, S9, (1921) 102d) “Now 

if we mix sodium arsenite and sodium sulphite together, 
botli the oxi<lation take plact; siinultaneously. At the same 
time a curious phononienon takes place. Thi! velocity of 
the oxidation of Na^ So 3 becomes very small in presence 
of sodium {irsenite, that is sodium arsenite which is 
undergoing a slow oxidation acts as a powerful negative 
cjiUdyst in the oxidation of sodium sidpliitc. Similarly 
a. solution of an oxalate whicli also undergoes slow 
oxidation in presence of Nmi Sos, which itself is being 
oxidised decreases to a marked extent the oxidations of 
NuaSos by atmospheric oxygon.” In the same paper I 
reraark(!d: “Later investigators like Jorissen (Zeit. Phys. 
Chem. 23 (1897) 007) Engler and Wild (Her .‘IB (1900) 
1090, 1097, 1 109) and others have verified the law of 

Schonboin in several cases. If we expose a mixture of 
NajBoj and sodium arsenite to atmospheric oxjgen according 
h) Schonbein (Loc cit) one atom of oxygen should go to 
oxidise NajSo;, while the other atom would oxidise a 
mole<.‘ule of sodium ai'senitc, in the same time. The 
oxidation of sodium arsenite is a very slow chemical 
change and in order that Schonbein’s law bo applicjible 
it follows immediately that the oxidation of NaiSOj which 
is fairly rapid becomes a slow change and the velocity of 
this oxidation becomes equal to that of oxidation of 
sodium arsenite, because the same amount of oxygen will 
bo taken up by the reducing agents in the same time”. 
From the foregoing quotations it is clear therefore that 
the phenomenon of negjitive catalysis in induced reactions 
was first reported by me. What Jorissen, Engler, and 
Wild, and others did was to find out whether Schonbein’s 
law is applicable to these oxidations or not. Jorissen 
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(Loc cit) has drawn attention to the formation of a peroxide 
of benzoyl acetyl in the oxidation of benzddehyde and acetic 
anhydride in air or oxygon according to the following 
equation : — 

2C.H,COH+ (CH,0O),O + 20, ».H,0 + 2 

(C.Hs CO) (CH, CO) O, 

In this indnce<i oxidation of acetic anhydride there 
is distinct evidence of the formation of a molecular complex 
of a acetic anliydride and benzaldehyde an<l this complex 
is oxidised as a whole. We have already postulated the 
formation of a complex of arsenite and sulphite and we 
have assumed that this (;omplex of arsenite and sulphite 
is oxidised as a whole when oxygen reacts with a mixture 
of sodium sulphite and sodium arsenite. We have alieady 
mentioned that we have been able to oxidise free sulphiu- 
into H,S 04 when it is mixed with yellow phosphorus, 
cuprous oxide etc. and that Moureu and Dufraisse have 
reported that sulphur is a good anticatalyst. It seems 
very likely therc'fore that in many of these reactions the 
negative catalyst like sulphur, liydro-quinone ett^, are actually 
oxidised in presence of the I’educing agimts like benzaldehyde 
NajSOs etc., which are also undergoing oxidation. We 
have alrejidy observal that the oxidation of substances 
like sulphur, sodium arseniU% hydro-quinone etc., is possible' 
with moleculm’ oxygen under ordinaty conditions but with 
activated molecules of oxygen lendered rcjictive by tlu^ 
absoiption of ions generated in the spontaneous oxidation 
of substances like sodium sulphite benzaldehyde etc. Moreover 
in many cases tlu? negative catalyst form additive com- 
pounds with one of the reacting substances, especially with 
reducing agents e.g. sodium sulphite, benzaldehyde, acrolein, 
tm-pentine etc., and this molecular complex is oxidised as a 
whole, consequently I am of opinion that in many cases the 
phenomenon of m^ative catfdysis, induced oxidation and 
.^7 
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the formation of molecular complexes wouW be essentially 
conncKitecl. 

RtH'cntly 'i'aylor (Jour. J’hys. Chem. S7. (1923) 
.322) has discussed tlio question of negative catalysis and 
has come to the conclusion that molecular complexes sire 
formed in the decomposition of oxalic .acid by H* SO* in 
presencic of traces of water. He lias also postulatetl the 
foimation of moleculai* (;omplexes in other c-iises of negative 
catalysis. On tlie other hand C/hrisliansen (Jour. Phys. 
C’hem. 28 (1924) 143) do(*s not support the formation 
of molecular compounds. He has tried to explain negative 
catalysis on the hypothesis of bri'aking of a chain of 
the reacting substances. (Compare Bodenstein Zeit elek- 
trochem 22, (191 G) G3) and Nernst Grund lagen des 
Neuen Warmesiitzcs 1918 1.34) 1 am of opinion that 
this con<!eption of Chri.stiansen is inadequate and there 
is no experiiiK'ntal support in its favour. 

Summary. 

1. Ill the oxidations of phosphorus, chloroform, sulphites, 
stannous salts, bonzaldehyde, acrolein, and several other reducing 
agents by oxygen or air, readily oxidizable substances like 
hydroquiiione, sugars, glycerol, sodium ansenite, several organic 
substances etc., act us negative catalysts. Similarly in many 
oxidation reactions, reducing agents behave as retarders. These 
results were coordinated by the present author in a paper 
publi.shed in 1921, in which it was observed that the plieno- 
menon of negative catalysis in oxidation reactions, is possible 
when the catalyst is liable to be readily oxidized. 

In this paper thi.s conclusion has been amplified, 

2. The decompo,sition of nitrous acid (2 HNO* HNO, 

+ 2 NO+H 1 O ) is retarded by reducing agents like cane 

sugar, glucose, glycerol etc. Similarly it seems very probable 
that the decompositions of phosphorus and hypophosphorus 
acids would be retarded by readily oxidizable substances. 

3. Many cases of negative catalysis were explained in the 
paper already referred to from tliis point of view of the 
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formation of molecular complexes of the catalyst, and the substance 
which is undergoing oxidation. This view it supported l>y the 
researches of other workers. 

It is very likely that the phetiomeiia of negative catiilysi.s, 
in<lnced reaction and the formation of molecular complexes are 
essentially connected. 
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Infl'iiience of iona currying the same charge on 
(a) coagulation of dilnied soh (b) coagulation by naxeA 
elcdrolyles and (c) acclimatization. 

H. GHOSH iujd N. R. DHAR. 

In tVirogoing papers of this series |Joui\ Phys. 
Cheiu. 26, 701 (1022); 2S, lUA (1024); KoJl Zeit (1024)] 
we liave studied the influence of the cliange of concentra- 
tion of a sol on its coagulation by ftlectrolytes. We enun- 
ciated the genei'id dilution rule that the gMiater the 
concientration of a sol, the greater is the amount of 
electrolyte ntjcessary for coagulation iriespective of the 
valency of the pixK?ipiOiting ion. Sulphides of ai'senic and 
antimony are exceptions to the above rule when pi'ecipi- 
tatijd with univalent electrolytes. It. has been observctl 
that the coagulation of these sulphide sols by bivalent 
and tri valent tuitions practicidly follow the general rule 
that the gmiter the concentration of the sol the greater 
is the amount of electrolyte necessary for coagulation. 
This general dilution rule has been found applicable to 
manganese dioxide sol, positively and negatively charged 
ferric hyfiroxidc, positive and negative chromium hydroxide, 
Prussian blue, Al(OH )3 suspendcil in organic: acids etc. 
In this paper it will be found that this rule is valid with 
negative stiUinic hydroxide. In our attempt to explain 
the abnormal behaviour of As,Sj, .SbjSi — sols on 
dilution in their cosigulation by univalent salt's, we have 
established the following facts : — 

(1) Wo have proved that it is impossible to 
prepare a pure arsenious sulphide sol. Arsenious sulphide 
is readily hydrolysed according to the following equation 
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AS,Bj+3H,07l!lABs0s4--iH,S. A« soon as the sol of 
avsenious sulphide is freed from HjH by passing hydrogen, 
some arsenious acid is immediately set free ; hence it is 
not practicable to prepare a pure sot of arsenious sulphide. 
It has been repeaUidly observed that when all free 
is removed from a sol of ASaSj appreciable amount of 
arsenious acid is always present along with the arsenious 
sulphide, the freti arsenious acid can be tletected by 
coagulating the colloid and testing for arsenious acid 
in the clear filtrate- Tlie amount of arsenious acid increases 
witli the time during which hydrogen is passed. The 
amount of ar.senious acid also goes on increasing if the 
.sol is kept at the ordinary temperature. If hydrogen i.s 

bubbled for about tluee or four hours in freshly coagu- 
lated, well washed arsenious sulphide suspendetl in water, 
appreciable amount of arsenious acid appears in the 
filtrate. Hence the sols of arsenious sulphiilo always con- 
tain free arsenious acid. 

(2) We have also proved that free arsenious acid 
has a coagulating effect, whilst free H,S has a skibili.sing 
effect on arsenious sulphide sol in its coagulation by 
univalent cations. We have also proved that in equivalent 
concentrations, HjS exerts more influence as a peptising 

agent than arsenious acid as a. cosigulating agent, towards 
arsenious sulphide sol when it is coagulatetl by potassium 
chloride. When arsenious sulphide sol is diluted, more 
and more of free H,S and arsenious acid are formed. 

As will bo .seen in the equation, the amount of H*S set 
free by hydrolysis of AS,Ss is gi-eater than the amount 
of arsenious acid liberated, wdien the concentrations of 
both H,8 and arsenious acitl are expressed iodometrically. 
The HiS set fret) tries to peptise the unhydrolysed 
arsenious sulphide whilst the arseniou.s acid tries to 
c'oagulate the sol. The net effect of these opposing 

influences is tliat the sol is really stabilised on dilution 
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l)ecause the influomie of HjS which is a product of the 
liydrolysis more than counterbalances the coagulating in- 
fluence of arsenious acid. Henct^ <lilution according to 
these results should stabilise arsenious sulphide sol towai-ds 
potassium chloride and the expinimental results are in 
support of this conclusion. On the other hand, from out- 
experimental results we fin«I that arsenious sulphide sol 
is not stabilised but becoTnes unstable by the pi-esenw- 
of H-tS when coagualtod by bivalent and tii valent electrolytes. 
Consequently when the sol is diluted and is hydrolysnl 
more and more, it becomes moi-e unstable than the 
concentrated sol towards bivahmt and trivalent (nations. 
Hence the dilute sol wouhl requii-(? less bivalent and 
tn’valent eleeti-olytes foi- coagulation thaTi th(' concen- 
trated one and expei-imental i-(\sults aie in favour of this 
conclusion. 

(8) We have, proveil that negativ<dy (charged hy- 
drated manganese dioxide not only adsorbs cations but it 
also adsorbs appreciable qusintities of anions and hydroxide 
ions. We have also provinl that barium sTiphate in the 
coui-s<^ of its foi-mation leaves the basic pai-t fm*, but it also 
adsoT-bs the positive ions as the following experimental 
results will show : — 

'Pable 1. 


lectrolyte. 

tlriaiual cone, 
oi' caticii. 

Finul com:, 
of c:ition. 

% adsorption. 

K(J1 

o‘io;}.s .\I 

\[ 

(VI Z 

K,C..O* 

0‘Ot)S94 M 

(ri»T37.5.‘{ M 

2'0 Z 

KH.O3 

0'09400 M 

O’O'.KfSG M 

0-6 7: 

Nii,AsOj 

0‘088;f3 M 

0 08.>;t2 M 

37 / 


In ii foregoing paper (Ben and I>har Koll. Zeit. 

262 1924) it has been observed that C BO"*, t',0"* 

ions etc., ai-e adsorbed by ai-senious sulphide when it Ls 
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coagulat«l by KCl, K^SO^, K,Ca 04 etc. In another 
paper (Ghosh and Dhar Koll. Ziet. 1 924) the following 
quantitative experiment has lunm made with KCl and 
sol. 

Adsorption of potassium and chiorine ions 

Amount of As,S3=0‘4508 grm. and volume=100 ce. 

Orisinal concentration. Final concentration. Adsorption. 
oor>9it7 01' ouwoo or ru y. 

OU591t7 K‘ 0‘0.o790 K' ;}■;} '/ 

Hence tlie nitio of adsoiption ol polassium ion to 
tliat of chloride ion is 2‘OG, 

(4) In a foregoing psipta- [Dhtir, Sen and Ghosh 
Jour. Phys. Chem. 28^ 457, (1924)] it has bwn provetl that 
tiie retil inteipretation of the Schnlzo-Hard)' Law is that th»' 
gretiter the vtilency of an ion, the 1ps.s i.s the adsorption, 
and this is also corroborated by the experimental results 
obtained by us as well as by other workers. 

The (‘xceptional etises have been explained on tin* 
view that the neutralised particles can absorb the preci- 

pitating electrolyte. 

There is another plausible view which also ciui 

explain tlie exceptional crises. IjCt us consider the co.ngu- 
lation of positively charged Fe(OH )3 by K,C ,04 and 
KjCr^Or [Compare Weiser, Jour. Phys. Chem. 2B, 399 
(1921).]. It is observed that the precipitation value and 
the amount of adsorption of the oxalate ion are much 
greater than those of the dichromate ion. It is likely 
that th(‘ sol will adsorb more of the positive ion in one 
ense than in the other. 

Experiments on the precipitation of barium sulphate 
already noted in presence of potassium chloride and of 
oxalate .show that the adsorption of exalate ion is much 
greater than that of chloride ion (12^ with oxalate and 
2% with chloride at the same molecular concentration) 
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though according to the Schulze-Hardy Law it .should 
be otlierwisc. We have found out lliat along with the 
adsorption of oxalate ion by barium sulphate, appreciable 
quantities of potassium ion is also adsorbed. The posi- 
tively charged substa.nc>e, barium sulphate can ad.sorb 
pohissium ions and hence more of the oxalate ion would 
be nerx?ssary for its charge neutralisation and pi*ecipita- 
tion. 

(5) When KCl is added to As^Sj sol, it will 
attract and sxdsorb the positive ion. It may also adsorb 
the negative ion and molecular KCl. Now when the 
charge on the sol is neutralised by the adsorption of 
positive ions, the neutralised particles can ea,sily adsorb 
Cl' ions because of the chemicid attraction of the sol for 
Cl' ions. It is quite probable that when the charge on the 
sol becomes sufficiently small due to the adsorption of 
pota.ssium ions, they might attract the chloride ions 
because of the chemical attraction which counterbalances 
the repulsive force due to the samene.ss of the electric 
(jharge. 

The adsorption of negative ion.s like Cl,' SO*", 
C a O*" etc. will certainly stabilise the sols of AsaSj, Sb^Ss 
etc. and the stability of a sol in respect to it.s 
coagulation by a certain electrolyte will depend on the 
ratio of the amounts of adsorption of the two ions of the 
electrolyte. For example, when KCJ is added to As^Ss sol, 
it will adsorl> both the Ions, as has been shown experi- 
mentally, but the potassium ion is ad.sorbed more than 
the chloride ion and hence the sol is actually coagulated 
by the eleetrol 3 de. 

In the case of bivalent salts like BaCl,, SrCl*, etc, 
and trivalents salts like Aid,, FeCl, etc. the ratio of the 
amounts of adsorption of the positive W the negative ion 
is undoubtedh' much greater than unity in all concentra- 
tions of the sol. This is the reason why the nile that 
38 



298 


ALV-AHAnAF) UXIVKHSirV .l<)ri{>:AI. 


the gi’eatev the (loneentration of the hoI, the gi-eater is the 
concentration of the electrolyte ne(“(‘.ssary for the coagulation 
is appli(!able in all these cases. 

Tn the case of unwalent salts like K(jl, Li(.!l etc., 
with negativ'ely charged sols As.,H 3 , BIfjBs etc., the ratio 
of the amounts of adsorption of positive ions to the negative 
ions is usually greatei' than unity. It seems probable that 
when the concentration of these sols IxHiomes small this 
ratio ten<ls to decrease and may approach unity. I'hat is 
why more and more KC^l or LiCi is necessaiy to coagulate 
a dilute sol of As^Bj or BbiB,. than concentrated sols of the 
same substance. 

We .are trying to show experimentally that the ratio 
of the amounts of adsorption of [Fositive ions to the negative 
ions decreases with dilution of the sob in theii’ F-oagulation 
witli KC^l. 

Tn cases of positively charged ferii(‘ hydroxide, (hromiiim 
hydroxide etc. the .adsorption of the positive ion is very 
small in compari.son with that o| the negative ion. The 

ratio of the amounts of adsorption of the negative ion to 
that of the positive ion is always greater than unity and 
does not much change with the concentration of the .sol. 

For this reason, the general nih; that the greater the con- 

centration of the sol, the greater is the amount of electrolyte 
necessary for coagulation is applicable in all dilutions of 

these sols with all electrolytes. 

(6) From a critical summary of th(? tcxisting data 
on the (toagulation of sols by electrolytes we have observed 
that the etfeet of jx)sitive ions on positively charged sols 
like Fe(OH) 3 , Cr( 0 H )3 clc. is not so mai*ked as that 
of negative ions in the case of negatively charged sols 
like AsjBa, BbjBj etc. Thus from I/inder and Picton’s 
results with chlorine as the precipitating ion, the average 
precipitation value of difterent univalent salts becomes 283 
in the csise of ferric hydimide sol, and the average 
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prccipitatu>n value with bivalent salts is about .‘305, the 
difference is 7 %. On the other hand the precipitation value of 
univalent salts on arsenious sulplnde sol is 99‘4 and that 
of the salts containing bivalent negative ions is IdO showing 
a diffeience of IMiese results can ))(‘ satisfactorily 

explained on the assuniption that negatively chaige<l arsenious 
sulphide can atlsorb appi-eciable quantities of the ion 
cariying the same charge, whilst positively cliarged ferric 
hydroxi<lo <;an hardly adsorb an ion carrying a positive 
('barge. 

In this connei'tion it should l)e noted that tlie inlluenct' 
of the ion carrying the same chargr* as the sol on its 
coagulation has Iteen emphasised by Baucj'oft (Second Report 
on Colloid ('hoiuistry Bril . Assoc. 1919, j). 2; Burton and 
Bishop (Jour. Phys. Chcin./?J, 701, 1920), Cstwald (Koll. Zeit. 

28 , 09 (1920), Weiser (Jour. Phys. Chcni. >2.5, 605, 1921 ; 
712; 2.22, 1921) and others. Weiser has given this idea 

a great prominence in explaining many facts in the co- 
agulation (.)f sols by electrolyte. But as far as wo know 
we were the first to observe* experimentally ((lualiUitivcly 
.ind quantihitively) that ions carrying the same charge ai’e 
actuall}’^ adsorbed bj^ sols and wc have co-oi'dinated 
diverse facts on coagulation and adsorption from this point 
of view. 

In the forc'going |)apcr of this scries (Chosh mid 
Dhar. Kolloid Z(ilt. 1924) we have reported that the presence 
of free sulphur in colloidal arsenious .sulphide can be 
detected by tretitiug the coagulating mass of arsenious 
sulphide by carbon disulphide. It seems likely that the 
prcsen<3e of Ibis nc'gatively clanged sulphur sol add.s to 
the stidiility of arsenious sulphide sol, which is also 
negatively charged. Consequently a 1 foiled sol of .trsenious 
sulphide is more stable towards all elect rol 5 ’’tes. 

Recently Murphy and Mathews IJour. Amer. Chem. 
Soc. 16, (1923)] have proved that ansenious sulphide 
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sol does not contain a. simple compound such, for 
example, as the molecnle As, S 3 . 

It is very likely most sulphide sols would be con- 
taminated with negatively charged sulphur sol. Hence 
antimony sulphide or merciu’ic sulphide set] does not 
contain simple comjxtunds, such .is. 80,^3, HgS, but 
reallv is a mixture of two or more sols or of different 
molecular species. 

In the case of mastic, which is a naturally 
occurring resinous matter, we ai*e probably tlealing with 
a mixture of <lifferent substances. 

It is interesting to note that these very substances 
e.g. arsenious sulphide, antimony sulphide, imistic etc. 
show abnormal dilution eIVcct towards univalent cations. 

The sulphide sols aix^ pmlially decomposed on boiling 
or on keeping for a long time at the ordinary tcmjierature. 
Moreover, thesi; sols undergo hydrolysis readily and are 
also oxidised easily. 

It ajjpears, therefore, that sols, ^vhicll are liable to 
be hydrolysed or to undergo other chemical (ihanges readily 
are likelj^ to show complications in their (;oagulation with 
electrolytes. 

In part VII of this .series |!Sen and Dhar Koll. 
Zeit. 'Uy 202 (1924)1 the following olwervalions were made: — 

“The adsorption of negative ions like Cl', SO 4 ", 
CiOj' etc. by negatively charged sols explain some 
interesting observations of Linder and Picton |,Iour. Chem. 
tSoc. 1895, 67, 07, (1895)] and of Weiser |Jour. Pliys. Chem. 
SB, 66.5, (1921)]. 

They have found out that at the beginning if small 
quantities of KCl, NaCl, LiCl etc. are added, the sol 
of ar.scniou.s suli)hide, becomes more stable towards elec- 
trolytes Bad,, 8 rCl, etc. W^hilst ferric hydroxide sol is 
not .stablised towaixls K,S 04 , K,C ,04 etc. by the 
previous addition of KCl, KBrO,, KNO, etc. 
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Very little work has been done on the precipitation 
of colloids by mixtures of electrolytes. Linder and 
Picton (loc. cit), Freundlich and co-workcrs fZeit. Phys. 
Cheui. AA, 145, (1903), Kolloid C!hcm. Beiiiefto 267 
(1922)], Blake j Amcr. Clieni. Jour. Z6', 438 (1.903) j, and 
Weiser (loc. cit) have investigated Ihe coagulation of .-ouic 
sols by a niixturc of electrolytes. 

The imiMirlant facts observcnl are : (1 ) with positive 
ferric hydroxide, positive chroinie- hydroxide and negative 
stannic hydroxide, the piecipitating values of mixtures of pairs 
of electrolytes of widely vaiying precipitating power (uni- 
;unl bivalent ions) are slightly les.s than the additive values. 
Thus mixtures of KCl and either K, SO* or KjC,0« 
precipitate learic! hy<lroxide and (ihromic hydroxide at 
concentrations less than the additive values, and the same 
is true for mixtures of laCl anil either BaCl, or 
MgCU with negative sbinnic hydroxide. The maximum 
difference between the observed and the calculated values 
is less than 20%- 

(2) With Ihe above sols an a]ipro.ximately additive 
relationsliip is obtained with a mixturi' of bivalent pre- 
cipitating ions. 

(3) With As,S* the same is true for mixtures of 
(a) NH*G1 and HCI, (h) Ca(NO,), and Bad, and 
(o) Bad, and Mgd,. 

(4) With As,8j, the precipitating values of mixtures 
of electrolytes of nddely varying precipitating ]JOwers arc 
always much greater than the additive values. This was 
observed with («) Lid and Mgd, (b) Lid and Bad,, (c) 
Hd and Mg(3„ (d) Kd and BrCl,, (c) KCl and Bad,. 

The difference between the obs«<‘ved and the i^alculateil 
value.s is as high as 1207 o certain cases. 

In explaining the Itehanour of a mixtun^ of eleclrolytes 
in the precipitjition of colloids ^Vci.sxM• lias emphasised 
two factors : 
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t. The? died of the pitesenwj of (jach precipitating 
ion on the adsorption of tlie otliers. 

2. Tlie stabilising action of the ions having the 
same charge as the colloid. 

If tlie inlluenw; of both th<?se factors be small the 
precipitation value (jf mixtures would be addith-e, whilst 
if the influ(?nc(‘ of l)olh (hese factors l)e large the pre- 
cipitation value of mixtures will be greater tliiui that 

expected from tlu^ values for the two dillerent salts. 

Recently Weiser (lo(;. cit) has shown that the relatively 
large amount of chloride ion has no appreciable eftect 
on the a(.lsorpti(jn of oxalate ions by chi'omium hydroxide. 
The same is true, as Wenser has shown, in the case of 
ferric hydroxule and that is why no ionic antiigonism is 
observed in the |)recipitation of chroinium hydroxide or 
ferric hy<lroxi<.le by a mixture of potassium «;hloride anti 
oxalate. On the other hand, Weist?!- has shown that the 
adsorption of barium ion is tlecreasetl to a marked extent 
by the presence of lithium ion in the coagulation of 
arsenious sulpliide. Freuntllich and Bchob. (loc. cit) are 
of the opinion that the extent of liydration of a colloid 

is the most important factor in taiusing the ionic antagonism 
which results in precipitation values for certain mixtures 
of electrolytes that, are considerably above the atUlitive values. 
It is very diflicult to undershind how the hydration of the sol 
or that of the ])recipit5iting ion can explain ionic autagonisin. 

Moreover it is so difficult to asm tain the amount 
of hydration of a sol or an ion [compare l)ha.r, Zeit. 
Elektro Chem. 20, o7 (1014)]. 

EXPERBIENTAL RESULTS. 

Stannic Hydroxide Sol. 

In this pafiPr we have .studied the coagulation of 
negatively charged stannic hydroxide sol by difiereni 
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electrolytes and at vai’ious tlilutions. 'nie sol was prepared 
by slowly a<lding stannic chloride solution to a dilute 
cjiustic soda solution till tlu; mixtiu'e was pradically 
neutral. The sol w.as dialysed for about .•> <lays, when 
it was free from any alkali. I'ho s«)l was praclit^ally 
optically cletir and veiy stable. It will be seem from 
the following (able that tliis sol follows the Schulze- 
Hardy IjUW in general and the rule that the greater 
the concentration of the sol the greater the amount of 
ele(!troIyte necessary for the coagulation, irrespective of 
the valency of the precipitating ion. 

C^oncentration of the sol=2‘7.t grs 8n(),, per litre. 

Volume of sol taken eimh time=4c.c. 


Volume aftei’ mixing electrolyte=Gc.c. 




'rime=i hr. 


Hlcctrolyto, 

(’one. 

Amount 

Ppt. Concentration. 



c.c. 


KCI 

N 

I’ao 

0-ll(83 

K.SO* 

‘Z 

1'40 

01167 

K* fVON,, 

A' 

^2'l.) 


l3aCU 

N 

125 

0'9 

(r0012 

MkOL 

A' 

iixi 

V2 

O'002t.» 

AU(SO*), 

A" 

25* • 

r4'» 

O‘0009 

Th (NO,)* 

y 

20) 

rsr, 

0-0012 

An examination 

of the Jtbove 

table givi's the 


following order tor the precipitation values, beginning with 

the highest one— K* Fe CN« > K.SO* > KCI > MgCU 

> BaCl, , Th (NO,)* > Al, (SO*),. 

From the experimental results, it appears that the 
Schiilze-Hardy Law is applicstble in this sol with the 
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exception ol‘ ihoriuui, which has been found to behave 
abnormally in other cases, such as AsaS», SbiSa, negatively 
chargY'd Cr{OH )3 [Sen and Dhar, S4, 202, (1924)] etc. 

Since the <*olloid is negatively charged it is obvious 
that the cntion is the coagulating agent. It api)ears, however, 


the anions also have 
the. following table: — 

appreciable 

inflnenc(^ ;is shown in 

Kk'ctrolyto 

Cone. 

Amount adtlod 



c.c. 

IvCI 


t‘.‘5 c.c. 

K.,S04 

M. 

1*4 

K.,Fo CN, 


>2-0 

The precipitation 

values of 

different salts with the 


same cation are in the order K 4 Fe > KaS 04 > KCl. 

T( is interesting to observe that salts like potassium 
citrate, potassiuin f<*rrocyani<le, etc., precripitate negatively 
chargefl stannic hydroxide with great difficulty. Exactly 
similar results were obtoined with negatively clmrged ferric 
hydroxide and chrorainm hydroxide due to the great 
peptising influence of polyvalent negative ions. 

Effect of dilution. 


Electrolyte* 


•Sol A 

Sol 

Sol 4- 
4 



C.C. 

c.c. 

C.C, 

KOI f 


r.‘{ 

12 

11 



0-9 

0-6 

0’35 ■ 

McOl. 


f2 

0-7 

tV4 

Al-.tWOj. 

X 

'Xj() 

r4r. 

0-8 

(V4 

KCl ^ 

BaCl., 

ils' 

BiiCU-~-Cal. 

Difference. 


0*6 c.c. 0'4o C.C. 0'r> c.c. -0*05 c.c. 


Hence this sol follows the general dilution rule that 
the greater the tx>nc«ntration of the sol the greater is the 
amount of electrolyte necessary to coagulate the sol, 
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irrespective of the valency of the precipitating ion. Moreover 
this sol behaves more or less normally with a mixturc 
of electrolytes. 


Negatively chargexi ferric hydroxi/le. 

This sol, was prepared by the method already <leK(*ribed 
(compare Jour. Phys. Chem. ^8^ 30.5 (1924)]. 

Concentration of the sol=5’.o4 grms. FcjOa pci' litre. 


2 c.c. Sol : 
iVKcl 


Volume =10 c.c. 
Haclv 


c.c. 


0'.5 

10 

20 

3'0 

50 


c»c» 

0'65 

0'65 

O'd.*) 

062 

0'60 

0*55 


Uie sol was v<My sia))le and coukl not be coagulated 
liy N KCl, it could be coagulated by a saturated KCl, 
but it is reatlily coagulated by Bad* and AlCb, 


Negatively charged chromium hydroxide. 

This sol was piepared by the method describcfl in 
l)arl VII. of this series [Koll. Zeil. .54, 202 (1924)]. 

Concentration of sol=3'02 Cr, Oj per litre. 2 c.c. 
Sol: Volume=10 c.c. 


N Kcl 

/V/25 BaCl, 
I'l;) c.c. 

I'O c.c. 

no 

3'0 

1'05 

5‘0 

I'OO 


This sol was ;dso very stable and could not be 
coagulated by N KCl. Strong solutions of KCl (coagulated 
it, whilst it was readily coagulated by BaCU and AlCU. 

From the foregoing results, which are of a preliminary 
nature wo find that the sols are not stabilisc*d towards 
Ba Cla by the previous addition of KCl and that additive 
relationship is obtained when negatively charged ferric 
hydroxide and chromium hydroxide are coiigulated by a 
39 
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iTiixturo of K(!1 and Ba Cl,. In other words, the beha- 
viour of tliese two sols when coagulated by a mixture 
of electrolyte is normal. 

We have shown in othei- papers that these two 
sols follow the general dilution rule that the greater the 
concentration of the sol, the greater is the amount of 
olectrolyle necessary for coagulation irrespective of the 
valency of the coagulating ion. 

jln(:imo7iy sulphide sol : — 

In foregoing papers of this .scries [Jour. Phys. Chem. 
S8, 313 (1924); Roll Zeit, (1924) | we have investigated 
the coagulation of negatively charged imtimony sulphide 
sol by electrolytes undcj- different conditions. In this 
paper we have inve.stigated the coagulation of the above 
sol by mixtures <if electrolytes and from the following 
re.sults it will be observ(Hi that ionic antegonism is noti- 
ceiible in the (ioagulation of this sol by electrolytes. In 
other words previous addition of small quantitie.s of potas- 
sium salts makes this sol stable towards bivalent and 
trivivlent electrolytes. 

Concenti'ation of SI), Sj sol (undialysod) = r980 grms. 
per litre, amount of Hb, S, taken=4c.c. ; Volume=8c.c. ; 
Time=i hr. 


KCl, 

Ba< '1 2 addeil 

BaCl,. Cal 

Dilfei'onco. 

i'2 

0 


0 

0'9a 



0-2 

(r90 

079 

+ 011 

0-4 

085 

0’64 

+0*21 

06 

0'55 

048 

+0'07 

O'S 

o;45 

0-32 

+ 0'03 


Ha Cl . 2 mlded 

Ba Cl .2 2^ Cal 

DifEorence. 

!() 

0 



0 

0-!)5 



0 2 

075 

076 

-001 

04 

02>.5 

OT)? 

— 0‘02 

or, 

0’45 

0'.38 

+0'07 

08 

020 

0M9 

hO-Olv 



STUDIES IN ADSORPTION 


307 


KOI ^ Alj (So-,):, added AI 5 (So<),, . Oal. Difference. 

i lob / Ibb 7 


0 

1*15 

— 


1*15 

0 



0‘2 

I’lO 


+015 

0-4 

0 95 

075 

+0'20 

0‘6 

070 

or>5 

+ 015 

0-8 

0T)0 

0"15 

+015 


Al, 

lob i 

added Al.^fSoi):, Cii 

il. Difference. 

1*0 

•0 



0 

110 



0‘1 

fO 

I'O 

+ 00 

0’4 

075 

0'66 

+ 0-09 

07 

0'40 

038 

+0'07 


We luive also determined the adsorption of both 
Bu and K ions when antimony sulpliide is eoagnlated by 
a mixture of barium chloride and j)ot}is.sium (diloiule. 

Amount of sol taken=75 c.c. containing 0‘1490 grm 
of Sbi S 3 : Volume=t 00 c.e. 

Amovmt of pot{is.sium ion already present as K, So* 
due to the presence of jx)tjis.sium tertrate=0’079.5 gnu. 


Mixture 

addcMl to 75 ex*, sol. 

i Anionntof 

1 cations 
prose lit as 
sulphates. 

Am oil Fit 
remaining 
as sulpha- 
tes, 

1 

Adsorption 
of cations 
as snip] Fate. 

1 

Adsorption 
in milli- 
equivalcnts. 

c,(b N/liir) 

BaCU 

O.c. .N/4 
KCl. 

C.C llrO 

15 


10 

0*0140 grm 

i 

0'(X)f>2 grni j 

0*(>078 grm 
Bii So 

0 (J 6 r .8 Ba 




Ba So^ 1 

Ba So, 1 



16 

9 

! 0*4279 grin 

0'4()55 grm ! 

0-0224 grm 

0*2571 K 




i K,sb, 

K., So 4 

So.j 


1 

1 


0*0095 Ba 

^ O-OOfiOBa 

\ o*ooa5 

0 0299 Ba 




S 04 

So.. 



10 

8 

i 7 

1 

[ 

()*25-17 K. 

f 0"24;W K., 

1 

[ 



i 

i 

Ho: 

j So^ 

j 00099 

0*1 1:37 K 
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From the above experiments on Sb, S* sol we 
find that the adsorption of barium ion is decreased to the 
extent of 55^ by the presence of potassium ion below 
the precipitation concentration of the chloride. We have 
also observed that the adsorption of potjussium ion by 
tintimony sulpliide is also decmased by the presence of 
barium ion. 

A very interesting fact will be noticed that the 
sum of the adsoiption of potassium and barium ions 
expressed as equivalents by Sb, S 3 is greater than the 
adsoiption of barium ion by 8 b » Ss when coagulated 
by BaCU alone but less than the adsorption of K® ion 
when coagulated by only KCl. 

These results are in entire agreement with the 
interpretation of the Schulze-Hardy Law from the adsorp- 
tion point of view already advanced [Dhar, Sen and 
Ghosh Jour. Phys. Chem. 28, 457, (1924)]. It was 
enunciated that an ion which has a high precipitation 
value (a small coagulating power) is more adsorbed than 
an ion with a high coagulating power. In other words 
univalent ions are more adsorbed than bivalent ones. 
In the case when SbjSj is coagulated by electrolytes 
potassium ion is more uilsoi’bed than barium ion and 
from a mixture of potassium and barium chlorides the 
sum of the adsorption of bu’ium and potassium expressed 
in equivalents is less than the adsorption of potassium 
when coagulated by KCl alomi and greater than that of 
barium when coagulated by only BaCl,. 

Mastic sol : — 

The sol was prepared by dissolving a known fimount 
of mastic in alcohol ;md then dropping it in a known 
volume of water. It has been observetl that small qufin- 
titles of alcohol present in the sol does not eftect much 
in its coagulation by electrolytes. 

Concentration of mastic sol=l‘2528 grm per litre* 
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Amount of sol taken each time = 4 c.c. Total volume = 

ciilcttlatod Ditl'cTence. 


+005 
+0-09 
+ 0-12 
+ 0‘05 


8c,e.; Time= 

ihr. 



BaCls N ,, , 
added 

BaCl, N 

W 

0 

1*5.5 C.C. 


1*7 C.C. 

0 


0-5 

115 

1*10 

07 „ 

100 

0*91 

0*9 „ 

0*85 

0*73 

1*2 „ 

0*50 

0*45 

KCl N , . , 
u added 

o 

Al.. (SnJ;, N 
'2;o(io 

adiled 

0 

1*50 C.C. 


1*70 c.c. 

0 


O’lO 

r45 


0*70 

0'95 


0*90 

0*75 


1’20 

0.50 



Al. (SoJ, 
N 

calculated. 


I •40 
(rsf) 
or>8 

0-45 


Difference. 


+0‘05 
+ 0-10 
+ 0'07 
+0 05 


Effect of dilution. 

Hoi A = 4 c.c. sol of the original sol made up to tS e.c. 

Electrolyte Sol A Sol A 

4 


KCl N 
8 

BaCl., N 
25 

Al, (SoJa 


N 

2,(XKr 


f70 C.C. 
1*55 „ 
1’50 „ 


>2-5 C.C. 

1-85 „ 
105 


From the experimental results on mastic sol which 
is negatively charged it will be ob.served that the sol is 
abnormal with a mixture of electrolytes and does not follow 
the dilution rule thati the greater the concAJiitration of the sol 
tlie greater the amount of electrolyte necessary for coagulation 
wth inonovident and bivalent cations [Compare Neisser and 
Friedemann Munchen M Wochenster 61, 827 (1904) ]. 

It will be evident from the foregoing tables on 
the coagulation of mastic by BaCl, that the coagulating 
power of Bad* is not preponderatingly greater than that 
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of KCl. The coagulating power of BaCl» on mastic is 
about 7 times greater than that of KCl. In the case 
of other negatively charged sols the coagulating power 
of BaCl, is about 50 times greater than that of KCl. 

Consequently the sol is likely to adsorb appreciable 
quantities of chlorine ions from KCl or from BaCl,. 
Therefore it seems resonahle to expect that in the 
coagulation of this sol by KCl of BaCU the ratio of 
the adsoiption of positive to negative ion is not much 
greater Ilian unity and the ratio is likely to decrease as 
the sol is diluted, that is why more KCl or BaCl, is 
necessary to coagulate a dilute sol than a concentrated one. 

We hav^e proved that negatively charged stannic 
hydroxide, ferric h 3 ’’droxide and chromium hydroxide follow 
the general rule that the gi’eater the concentration of a 
sol, the greater the amount of electrolyte necessaiy foi' 
its (!oagulation. We have also shown that wlien these 
sols are coagulated by a mixture of electrolytes, the 

coagulating poAver of the mixed electrolytes is an additii^e 
function of the coagulating powers of the indiAudual 
electrolytes. In other words towards mixed electrolytes the 
behavioiu’ of negatisxdy charged strmnie hydroxide, feme 
hydroxide and cliromiuin hydroxide may be said to be normal. 

Similar results have been obtained by Weiser (loc. 

cit) Avith a mixture of electrolytes towards stannic hydro- 

xide sol. R(jcently Freundlich and Scholz (loc. cit) have 
shown tluit witli colloidal gold and Weimam’s sulphur sol 
the action of the precipitating cations showed an additive 
relationship, wliile tlu; precipitating action was not additive 
with arsenious sulphide sol and Oden’s sidphur sol particu- 
larly with mixtures of ions having vddely varying precipi- 
tating pow'crs. Very recently Weiser has shown that the 

behaviour rvith a mixture of electrolytes of positively 
charged chromium hydroxide sol is normal ; in other words, 
an additive relationship is observed in the (xragulation of 
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positively charged chromium hydroxide sol by mixtures of 
ions having widely different precipitating powers. Similarly 
more or less additive relationship was observed with ferric 
hydroxide by Weiser. Our results with mastic sol show 
that tliis sol is abnoj'mal. Consequently sols can l)e 
divided into two distinct classes one of which is 
iiOJ’Jual whilst the othei' class is abnormal as far as 
(heir behaviour with mixed electrolyte is concerned, thus 
A bnormal N onua] 

ABiS;, Or (OH) spositive 

Sb,S, Fc (OH), 


Mastic Bu (OlDi iicgativo 

B (Oden) Au (Donaa) 

B (Weimaru) 

Fc (OH):, (negative) 

(lr (OH)., ( 

Fi<nn the above (able will be seen that Or 
((.IHjj both positive and negative, Fe(OH)s both positive 
an<l negative*, negatively <*harged 8 n(OH) 4 , Weiniarn’s 8 
sol and gold sol show a<l<litive relationship when cojigulat- 
ed with witlely varying coagulating power. It must be 
observed that Fe(OH)s both positive :ind negative 
Ch'(OH )3 both negative and positive 8 n(OH )4 negative 
follow the general dilution rule that the greater the con- 
centration of the sol the gratear the amount of electrolyte 
necessary foi- (!Oagulation. On the other hand AsjSj, 
8 b, 83 , mastic, sulphur sol (Odhn) do not show additive 
relationship in their coagulation by a mixture of electolytes 
and these very sols do not follow the general dilution 
rule that the greater the concentration of a sol the greater 
the amount of electrolyte necessary for coagulation. 
Consequently we were led to the conclusion that those 
sols which follow the general dilution rule that the greater 
the concentration of the sol the greater is the amount 
of electrolyte necessary for cxrsjgulation, should behave 
normally witli a mixture of electrolytes in their coagulation. 
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In other words there is nn intimate connection 
between tlie dilution effects of sols and their behaviour 
with mixture of electrolytes. 

Weiser and Nicholas (Jour. Phys. Chon. 2B, 742 
(1921) 1 htive sliown that Prussian blue on dilution takes 
less electrolyte for coagulation, in other words this sol 
follows the general dilution rule. 

We expected that Prussiam blue will behave normally 
when coagulated by a mixture of electrolytes. 

PrVrSsian blue sol : — 

In order to vciify this conclusion we made some 
preliminary experiments on the coagulation of Prussian blue 
by mixture of electrolytes. The sol was prepared by washing 
the precipitote of Prussian blue obtained by tresxting a 
solution of FeCU with K 4 Fe (CN) 6 . The sol was 
dialysed till wash water showe<l no t(!sts foi‘ either Fe'’"® or 
FeCNg'^'^. W(! lind that I’riissian blue does not Ixehave 
normally as the following experimental results will show: — 

C’oncentration of the sol=7’54 grs. of Prussian blue 
]jer litie 

K(.’l ^ iKltU'd ad. id liaCI, Calc. 

c.c. c.o. c.c. 

175 c.c. 

(coagulated in i hour) 

2‘8 c. c. 

(coagulatcMl in i hour) 

0’4 c.c. Did not coagulate with 2‘15 c.c. to coagu- 

2‘J c.c. in i hour, but late in ghour. 
show c d coagulation 
with 2’3 c.c. 

O'.s c.c. Did not coagulate with 1*52 c.c. to coagu- 

170 c.c. on adding 0'2 late in I hour, 
c.c. to 170 c.c. after 
o hour it coagulated. 

Having ol).sorvo(i llie anoniMly wu were led to study 
the effect of dilution on the coagulation of Prussian blue 
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by potassium and barium chlorides. From the results of 
Weiser and Nicholas (loc. cit) we hnd that the amount 
of KCl necessary to coagulate a sol of Prussian blue 
which is diluted ten times is only \A% less than the 
amount of KCl necessary to c^jagulate the sol which 
is ten times stronger. Whilst in the coagulation of chro- 
mium hydroxide sol the amount of KCNS required to 
eoagulate a sol whiiJi is ten times diluted in only 1/3 of tlui 
amount of K(^NS required to coagulate the stronger sol. 

From our preliminary expiiriments we find that a 
dilute sol of Prussian blue takes more of KCl and less 
of BaC’l, than the concentrated sol for its coagulation 
a,s the following preliminary experiment.s will show: — 

Sol A= I e.c. of the original sol containing 7*5 4 
grins, of Prussian blue pt‘r litre diluted ten times. 


( 'mi contrition ol 
ttio HOl. 

A 


A 

10 


V * 

KtM , 

4 

t'oagulated witli f?.') c.c. 
in i hour. 

Did not cojifinlate with 
2‘1 c.c. in o hour. 


HiiO)., 


N 

m 


Coiiau luted with 2'8 
c.c. in -!> hour. 
Coagulated with 2’8 
e.c. before | liour. 


Hence it appears that behaviour of Prussian blue 
is not normal as shown by Weiser and Nicholas but is 
abnormal towards its coagulation both by mixed electi*o- 
lytes and KCl. 

Tliese experimenbd results on the coagulation of 
Prussian blue strengthen liie view that the abnormal 
diluy^on effect and abnormal coagulation by mixed electro- 
lytes go hand in hand. 

Similarly colloidal gold (Donau’s Method) ami Wei- 
marn’s sulphur which are found to behave normally with 
mixture of electrolytes should follow the general dilution 
mle. This is pi’actically all the literature available on 
the subject. We are trying to extend observations on 
other sols. 

40 
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It seems oertaiii that tJie tleviadons of the sols 

from the general dilution nile and from additive relation- 
ships towards mixture of eltxdrolytes are bsisal on tlie 

same phenomenon. IrJubstanws like AsaBj, Bb,Ss ete. 

adsorb appreciable qu-intities of ions cairrying the same 
charge and hemio they ar(‘ stabilised on the addition of 
univalent electrolytes and hence they require greater quan- 
tities of bivalent ions for charge neutralisation and coa- 
oulation ; that is why these sols do not show additive 
relationship when coagnlatal by a mixture of electrolytes. 

‘‘ACICLIMATIZATTON” (W SOI.B. 

It is an interesting fact that iIh* amount of an 
electrolyte necessary to coagulah' a sol completelj’ is 

intiuencH^l by tin; ralt.* at which- the ehHttrolyte is sidded. 
Since an amotmt of the electrolyte no(te.ssitry for complete 
coagulatloti whttn the addition is rapid will not cause 
completff coagulation when tlie addition is slow, tlie colloid 
is said to bectonn- a(Htliinati/«>d to the pn^sence of the 

electrolyte and thci ph<momenon is called acclimatizjition. 

It should be emphasiswl that the phenomenon of 
acclimatization of sols first observed by Freundlich [Zeit. 
Phys. Chem. ^4, 14.3 (1903)] ttui be satisfactorily ex- 
plained from the point of view of the adsorption of the 
ion carrying the same charge as the sol. Freundlith 
obseiTCtl: “The amount of barium chloride solution con- 

titining O’.oo millimoles of BaCl , p<>r litre, necessary to 
precipitate completely in two hours and arsenious sulphide 
colloid containing 6*752 millimoles of A.s,B, per litre. 
The same amount of electrolyte was next added 

dropwisp to the same amount of (iolloid 20 cc. in 18 
hours, 27 days and 4.6 days respeetiv^ely. After the 
addition of e^ich drop the solution was shaken once. 
Two hours after the addition of the last drop the solu- 
tions were filtered and it was found that the filtrate was 



STtTDIES IN AD80RPTION 5 

still quite cloudy — the cloudiest solution being the one to 
which the electrolyte was added slowest. In order to 
precipitate the remainder of the first solution wmpletely 
I '5 cc. of the .same barium chloride solution was kidded 
and .'ifter two hours it was clear. 

To 20 cc. of a colloid containing 20’45 millimoles 
of Fe(OH )3 per litre was added 2 cc. of magnesiuuj 
sulphate solution containing 4‘82 millimoles per litre. 
The addition was made dropwise in tlio (course of eight 
days, after each addition the Hask was shaken once. 
Although a salt solution of this concentrafion precipibited 
the colloid completely after two hours, l>y this slow 
addition the solution wa.s not entirely clear two hours 
after the last drop wa.s addwl and the filtrate still con- 
tained ferric hydroxide. The swldition of three drops more 
of magnesium sulphate solution was suflicient to coagulate 
the remainder within :in hour”. 

From the foregoing quotations it is evident that 
with As,S, the phenomenon of acclimatisation is more 
pronounml than with feme hydroxide. 

Similar results are obtained l)y Weisei' [Jour. Phys. 
Cheni. ,S90, (1921)] where he observes : “Whereas 1’8 cc. 
N/.50 K,C,0* will certainly cause a complete precipitation 
in one hour when added all at omx;, the precipitation 
w.as not complete one hour after the addition of the 
electrolyte by the slow method. By adding O’lcc. more 
and allowing to stand one hour more a filtrate clear 
from colloidal ferric hydroxide was obtained. W^ith arsonious 
sulphide Weiser obtained the following results. “ Prex^ipitation 
value.s were determined for strontium chloride and poUissium 
chloride. On rapid addition, 2*0.o ca of N/50 8r Cl, and 
2’,50 cc. N/2 KCl were necessary to precipitate completely 
20 cc. of colloid. The slow addition of the electrolyte in 0*1 
cc. portions over a period of approximately .30 hours 
required 2*50 cc, of SrCl, and 2*70 of KCl solution.s.” 
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Moreover accoi’cling to the above observation of Freundlich 
partial precipitation of the sols took place in arsenious 
sulphide as well as in ferric hydroxide. It has been already 
noted that As, S 3 , SbaS, etc. lufu'kedly adsorb the 
ion carrying the same cbajge ; consequently when drops 
of BaCl, are added to a .sol of AsjS, as has been 
done by Freundlich the sol is appreciably stabilised by 
the adsorption of chloride ions and so great quantities 
of BaCl, are now nece.ssaiy to coagulate the .sol completely, 
(^n the other hand ferric hydroxide does not appreciably 
adsorb the ion caiTying the same charge and that is why 
they ar’e not appttxjiably stabili.scd by the Jiddition of a 
few drops, .say of magnesium sulphate; conserjrrently very 
slow addition of an electrolyte to ferric hydroxide sol 
produces only a slight increment in the amorrnt necessary 
for coagulation. 

We ventiu’c to suggest that sols like As,!^5j, BbjSj, 
mastic etc., which show abnormal dilution effect and arc 
abnormal in their Irehaviour towards mixed electrolytes 
shorrld show this plrcnoinenon of acclirnati/ation more markedly 
than sols like Fe(OH)s, Cr(OH )3 etc., which follow the 
general dilution law and are normal toward.s mixed 
electrolytes. We fue strongly of the opinion that the thice 
phenomena viz. {?’) the abnormality of sols to follow 
the general dilution rule ( 2 ) the abnormality towards 
mixed electrolytes and (3) the phenomenon of acxJimatiz- 
ation are essentially connectetl and arc mainly due to 
the ad.sorption of the ion (sirrying the same charge as 
the .sol. 

Weiser has tried to explain the phenomenon of 
acclimatization from the point of view of the adsorption 
of ions by the coiigulated mass. 'ITiere is no doubt that 
the coagulated mass a<lsorbs electrolytes. Fi-eundlich 
has observed in his experiments that partial coagulation 
takes place not only with AsjS, but also with FeCOH), 
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and as a matter of fact a little of the precipitating electrolyte 
is adsorbe<l by the coagulated As,Sj or Fe(OH)j. 
From our experiments on the adsorption of electrolytes 
by coagulated substances we find that Fe(OH), can ad.sorl) 
ions appreciably from solutions, and Freundlich [Zeit, 
Phys. Chem. 75, 385 (1916) ] has shown that coagulated 
As, Si, adsorbs sliglitly several ions. From our preliminary 
experiments we are of the opinion that freshly precipitated 
l^e(OH )3 is a better adsorbent than AsiS,. Consi^quently 
the explanation of the phenomenon of acclimatization 
advanml by Weiscr is certainly incomplete because it 
cannot explain the t)ccuri'cn(?e of the phenomenon of accli- 
matization more markedly with As, 8, than will) Fe(OH):,. 
In this respect our explanation stands on a better footing 
than that of Weiser. 

We have made {>reliminary experiments on the 
.iciiimatization of mastic sol towartls KCl and of negatively 
charged ferric hydroxide with BaCl,. 

With masti<; the following results arc obtained : — 
Wlien KCl is added very rapidly (the adtlition of the 
total volunu’! of ele(;trolyte niHessary for coagulation is 
finished in a few seconds) to 4 c. c. of mastic^ sol 
containing 1*2528 grams per litre, llu* sol requires 1*9 c.c. 
X/8 KCl for (eiupleu? coagulation and settling in 
1 8 hours. 

When 0*3 c.c-. of N/8 KCl is arlded at the interval 
of 15 minutes, and the addition is completed in about 

6 hours, the sol takes 2’35 c.c. N/8 KCl for' complete 
coagulation and settling in 24 hours. 

With negatively charged ferric hydroxidt; the following 
results arc obtained: — 

When BaCl, is added very rapidly to 2 c.c. of the 
negatively charged ferric hydroxide sol and the total 

volume is made to l(t c.c. the sol requires 0*5 »;.c. N/25 

BaCl, for complete coagulation and settling in 48 hours. 
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When Bad, is added drop by drop lo (he same 

voliuno of the sol and the adtlition was canned on for 
24 hours, complete coagulation and settling of the sol did 

not take place in 48 hours, till O’hb c.c. of BaCl, 

was added. 

Accordingly, our ex|)eriments show that acclimatization 
i.s more pronounced with ma.stic than with negatively charged, 
ferric hydroxide. 


AdEING OF SOLH. 

In previous papers (loc. cil) we have investigated 
the eflfect of ageing on sols like Sb,B^, As,S, etc. 
We Imve observed that .5 c.c. of a sol of Sb, S, when 
freshly prepaml takes 0‘85 c.c. of Nad for complete 
precipiUition, whilst the same amount of the sol kept for 
.33 days can be precipibited by only 0'70 c.c. of Nad. 

Similarly we have obtained the following results with 
As, S, : — 

Concentration of As,S, sol = 0*922 grm per litre. 


Volume = 10 c.c 

. ; Time =* 1 lu\ 

cr» ■ 

Klectrolytf. 

Cone. To coagu late on 

lOtlt May, 1024. 


15lh March, 11124. 


K(.n 

^ 2 0 c.c. 

1’8 c.c. 

BaCl, 

& >■»' •• 


Moreover 

in this paiKjr we have 

repeatedly observed 


that the effect of ageing is more pronounced when Sb, S, 
sol is coagulated by K Cl, NaCl etc., than when the same 
sol is coagulated by bivalent and trivalent ions. 

Consequently we are of the opinion that the effect 
of ageing will be more noticeable Avhen sols like Sb,S,, 
A8,8„ mastic etc., are precipitated by univalent cations 
fban when the above sols are coagulated by bivalent and 
trivalent cations and this phenomenon should be more 



STUDIES IN ADSORPTION 


519 


pronounced witli the above sols than with sols like 
FeCOH)*, Cr(OH)3 eta, which hardly adsorb ions carrying 
the same charge as the sol. It appears that on ageing 
the eletitric charge on colloidal particles tlecreases veiy 
little, whilst the aipacity for the jwlsorption of ions carrying 
the same charge is decreaseil appreciably and hence the 
ageing effect is pronounced with SbjS», AsjBj etc., when 
coagulated by KCl, NaCl ete. 

We have frequently observetl that the adsorptive power 
of freshly prepare<l Fe(OH)3, CrlOlDj etc., for negative ions 
are greatly reduced on ageing. Mor(*over, we have noted that 
precipitated Fe(OH)j, CiIOH)^, etc., prepared about an 
year ago and kept in contact with water tlianges colour, 
the deep brown ferri*; hydroxide becomes dee)> re<l and the 
green OixOH)^ becomes grayish and their (hemical acti- 
vity is greatly decreased. The “aged ” piecipitates do not 
dissolve in concentrated H 01 at the ordinary temperature, 
whilst the freshly ja'ccipitsited subsances dissolve very 
readily in HCl. 

We are carrying on experiments on ageing with 
different substsinces under various conditions. 

DISCUSSION. 

I^et us try to visuati.se what takes place when posi- 
tively chargeil teri-ic hydroxide sol is coagulated by a 
mixture of KCl and K, O4. When a few drops of 
potassium chloride .solution is addetl to fenlc hydroxide 
.sol the (Iiloride ion is attnurUnl by the positively 
charge*! sol, and at tiui same time a very small quantity 
of potas.sium ion can also be taken up by the sol. In 

this case the ratio of the ad.sorption of chlorine to that 
of potassium ion is always greater than unity. As the 

sol is likely to adsorb a little potas.sium ion also and 

hence it should lx> very slightly stabili.sed. App.nrently 

the effect of the adsorption of potassium ion by ferric 
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hydroxide would have been that a slight excess to that 
of the calculated amount, of pobissium oxalate would have 
been necessmy to coiigulate the sol wunpletely. But from 
experimental results we find that slightly less amount i>f 
potassium oxalate is suflicient to coagulate a sol of ferric 
hydroxide to which KOI has alremly Ix'en added. This 
is btHause, as Wcisei’ has jiointed out that more of adsorp- 
tion takes [)lace from dilute solutions than from comen- 
tratcnl ones of tlie electrolytes. The adsorption of chlorine 
ion oi' of oxalate ion is relatively greater at concentrations 
below their precipitation values. As the sol is pretiipitalal 
by :i mixture of K('!l and K, O 4 the (joncentration 
of each electrolyte in tlui mixture will be less than its 
precipitation (toncentration and hence the percentage of 
adsorption of chlorine ion or of oxalate ion will be greatin- 
in the mixture than when the sol is coagulatol by K(i 
or by Ki Ch O 4 separately [cottipaw' Chalterji and Dhar 
Koll, Zeit. 3S., 18, (1923)]. Bo ttiat relatively less oxalate ion 
is necessary t<) bring the (Combined adsorption of chloride 
and f)xalate above the criti(«l value necessary for neutralisation 
and coagulation. I'liis second factor is certainly more pi'c- 
dominating and mftre than counterbalances this very slight 
.stabilisation of the sol due to the .slight adsorption f)t 
potassium ion, consequently the pretipitation values for a 
mixture of KCl and K, (>4 towards ferri(i hydroxide 
aie .slightly le.ss than additive f. Exactly similar explanation 
can be given in the coagulation of chromium hydi’oxide, 
stannie* hydroxide negative, negative ferric hydroxide etc*. 
It must be stattH.1 clearly that in some .cases the preci- 
pitation values with a mixture of electrolytes wdth widely 
varying precipitation powers may Ite exactly additive pro- 
vided there is no complication or the opposing factors to 
mutually annul each other. 

On the other hand with .sols like arsenic sulphide, 
antimony sulphide, mastic etc., we get certain complications. 
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Weiser has shown with arsenic sulphide and we have 
shown with antimony sulphide that in presence of monovalent 
ions like K° Li° etc., the adsoi’ption of Ba ions by the 
sulphide sols is greatly decreased. We have also proved 
experimentally that the adsorption of K ion is also de* 
creased by the presence of Ba°®, consequently the precipitating 
action of a mixture of electrolytes (KCl and BaCU) towards 
8b»8j sol is not additive but a relatively higher concen- 
tration of the bivalent ion is necessary to secure neutral- 
isation of the sulphide sol by adsorption in the presence 
of K or Li ion. 

From our experiments on the adsorption by Sb, 8s 
from a mixture of KCl and Ba CU at the precipitaing 

value, wo find that the presence of KCl decreases the 
adsorption of Ba ion to an extent of and the 

adsorption of potassium ion is also depressed to an 
extent of 50 ^. Weiser has shown that at the precipi- 

tation concentration of a mixture containing 1/8 the 
precipitation value of LiCl alone the adsorption of Ba ion 
is lowered more than 25 per cent; whilst from a mixture 
containing 1/2 the precipitation value of Li Cl alone the 
adsorption of Ba is decreased 53%^. Weiser has made 
no experiment on the adsorption of Li ion in presence 
of Ba ion. 

It must be observed that the decrease of adsorption 
of a bivalent ion in presence of monovalent electrolytes 
need not be a general phenomenon. Certain cjises are 
actually known, for example in the coagulation of Fe 
(OH)^ and Cr(OH)s etc. in which the presence of an 

excess of chlorine ions does not affect the adsorption of 
bivalent ions (SO*," CiO*") appreciably. 

There is another important factor in the precipitation 
of sols like antimony sulphide, mastic etc. by mixtures 
of electrolytes. When a few drops of KCl are added 

to a sol of antimony sulphide the K° ions are adsorbed 

41 
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and at the same time the adsorption of Cl ions also 
takes place. If we now precipitate the sol witli, say 
BaCU we fiml that the amount of BaClj necessary for 
the complete co:igalatiou of the sol is greater than the 
amount of BaCU necessary in absence of KCl, conse- 
quently we cjinnot escape the conclusion tliat in preseiKfe 
of small quantities of KCI the sol of antimony sulphide 
is made more stable than its absence, and this can 

only hap])en by the adsorption of a. greater quantity of 
Cl ion than of potassium ion. In other words when a 
few drops of KCI aw added to a sol of SbtS, we 
have to assume that the ratio of adsorption of potassium 
ion to chlorine ion is less than unity. Now because 

the sol of Sb,Ss <;an actually l>e precipitated by KCI 

we are also forced to the conclusion that at the preci- 
pitating concentration,s or at higher ones of the electrolytes 
the ratio of adsorption of K° to Cl' must Ite gi-eater tlum 
unity. In other words the ratio of adsorption of K® to 
that of Cl goes on increasing as the concentration of the 
electrolyte becomes greater and greater. From this point 
of view it seems pretty clear that certain ionu; antagonism 
would also be noticeable in the coagulation of these 
sulphide oi' mastic sols even when they are precipitated 
by a mixture of, say KCI tind NH4CI. We have 
assumed that the addition of a few drops of KCI makes 
the sol of As, 8, more stable by the greater amount of 

adsorption of Cl ions, consequently (his stabilised sol 
should requiie more of, say NH4CI for its coagulation 
than in the absence of KCI. Unfortunately there is very 
little experimental Work in this line. The only data 
available is that of Linder and Piciton on the coagulation 
of Asa Sj by a mixture of HCl and NH4 Cl or HCI 
and HNO3, or HNOs and KjSO*. In all these cases 
instead of adding only a few drops of the stabilising 
electrolyte they have at first added 2 c.c. or more of the 
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electrolyte in question whilst about 4 c.c. is necessary for 
coagulation. We have already pointed out that the ratio 
of adsorption by say As» S 3 of positive ions and negative 
ions goes on increasing and becomes greater than unity 
at the precipitating concentration. Consequently when 2 c.t;. 
or more of the stabilising electrolyte is first added the 
ratio of the adsorption of positive ions to the negative 
ions may be unity or gieater and hence the .sol is not 
at all stabilised by its addition and approximately the 
calculated amount of the second electrolyte is actually 
needed for complete coagulation. In order to find out 
the stabilising influence of the first electrolyte on the 
sol it is necessary to add only a few drops of the 
electi’olyte and then only the ratio of the adsorption of 
positive to negative ions woultl be less than unity and 
hence the sol would be actually stabilised. 

It has i)een already observetl that in presence of 
,Ba°" ions the adsorption of K° ions by antimony sulphide 
is appreciably decreased. Consequently in presence of Ba° 
ion the ratio of the adsorption of K° to that of CK can 
be easily less than unity and hence the sol would appear 
to be stabilised towards Ba"” ion if a little of KCl be 
already present, in the sol. 

In explaining the phenomenon of acclimatization of 
a sol we have observed that when only a few drops of 
barium chloride are added to a sol of arsenious sulphide, 
the sol may iidsorl) the Cl' ions along with Ba®'’ ions 
and cansequently when it is precipitatetl by say Al(NOj )3 
the amount of AKNOs)* taken will be greater than 
the calculated amount bectiuse of the .slight stabilisation of 
the sol produced by the adsorption of a few Cl' ions from 
BaCl,. This phenomenon will be more marked with 
mastic when coagulated by BaCU and A 1 (K 03)3 or 
MgCl, and AKKOa), because the coagulating power 
of tlie bivalent ions, Ba°° and is not preponderingly 



32 % 


AIXAHABAD imVEESITY JOURNAL 


greater than that of monovalent ions whilst the 
precipitating action of trivalent ions is very much 
greater than that of bivalent ions ; consequently in presence 
of a few drops of BaCl, mastic will bo stabilised by the 
adsorption of more of Cl^ ions than ions and hence 

the sol is likely to take up more of Al(N03)s in the 
presence of a few drops of BaCl» than in the absence 
of BaCl*. Experimental work in these lines is in progress 
in this laboratory. 

Finally we have to take into account the decrease 
of the degree of dissociation of the bivalent electrolytes 
in presence of an excess of the univalent electrolyte. 
For example in the coagulation of As* S3 or SbaS* 
the amount of the monovalent salts required to coagulate 
a sol is about fifty times greater than the bivalent salt, 
consequently when these sols are precipitated by mixtures 
of monovalent and bivalent salts theie will always be an 
excess of the monovalent electrolyte and consequently in 
its presence the degree of dissociation of bivalent elec- 
trolyte will be depressed due to the presence of an excess of 
the common ion say Cl and consequently more of the bivalent 
of electrolyte would be necessary for coagulation of colloids. 

We have proved that in the coagulation of negative 
Cr(OH)i, Fe(OH) 3 , Sn(0H)4 As, S 3 etc. far greater 
quantities of KSO4, K4Fe(CN)«, potassium citrate 
etc. are necessary than that of KCl. Similar results 
were obtained by Linder and Picton, and Weiser with 
AsaSs sol. One reason of this phenomenon is that the 
bivalent and polyvalent negative ions are more adsorbed 
by the negative sols than the monovalent ions, the other 
reason is that tlie salts with bi and polyvalent ions are 
less ionised than the salts with univalent ions. Consequently 
in order to obtain the necessary amount of adsorption 
for neutralisation and coagulation greater quantities of 
the electrolytes with polyvalent ions are necessary. 
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From the results of Weiser we find that when 
AsiSj is coagulated by one electrolyte alone the amounts 
of electrolytes necessary for coagulating a definite volume 
of tlie sol are in the following proportions LiCl: BaCl* 
-50-5; LiCl: MgCi,-46-6; HCl: MgCU= 2 r 8 . Con- 
sequently the coagulation of AsjSj by a mixture of 

LiCl and BaCl, should show less deviation from tlie 
calculated results than that obtained in the coagulation 
of the same sol bj’^ a mixture of LiCl and MgCl, 

because the coagulating power of MgCli is not as widely 
divergent as that of BaCL from LiCl. In other words 
the behaviour of MgCl, as n coagulating agent towards 

AsiSj is more akin to LiCl than that of BaCL to 

LiCl, hence it is expected that with a mixture of LiCl 
and MgCU in the coagulation of As, S 3 more of additive 
relationship should be noticeable than in the coagulation 
of the same sol by LiCl and BaCl,. As a matter of 

fact however the results obtained by Weiser are otherwise. 
The coagulation of As, S 3 by a, mixture of MgCl, and 
LiCl shows a greater divergence from the additive rela- 
tionship than with a mixture of BaCl, and LiCl in all 
the data of Weiser (Compare Weiser Jour. Phys. Chem. 
1924 , 28 p. 239, tables 7 and 8 ). More or less, similar 
results have been obtained by Freundlich and Scholz. 
These results seem to be finomalous. On the other hand 
the results obtained by Weiser with a mixture of HCI 

and MgCl, seem quite normal. The coagulating ratio of 

MgCl, to HCl towards As, S 3 is only 21 ’ 8 ; in other 
words HCl is a much better coagulating tjgent than LiCl. 
We have already emphasised that additive relationship 
are obtained with mixed electrolytes when the coagulating 
powers of the electrolytes are of the same order. Conse- 
quently in the coagulation of As,Sj by a mixture of 
HCl and MgCl, we ought to get more of additive 
relationship than with either LiCl and BaCl, or LiCl 
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and MgCl,. The results of Weiser actually confirm the 
above conclusion. 

Weiser has observed “it will be iu)te(l that LiCl 
has a more marked etfoct on the precipitation value of 
MgCl, than of BaCl,. This is exactly one would expect 
in view of the fact that the adsorption of Mg"” ions is 
not so great as that of Ba ion as evidenced by the 
higher precipiUttion value of MgCU 

If wo accept the abov(’ statement of Weiser we 
.should have also observed tl)e marked effect of univalent 
salts like NH 4 C 1 in tiic coagulation of arsenious .sulphides 
by HCl because the amount of adsorption of jSrH 4 ion 
and H ion .should b(} more or les.s identical mid should 
influence each other a great deal; as a matter of fact 
experimental results .show that the precipitation value.s of 
N.H 4 CI and HCl towards As,Bs .sol are more or less 
additive. Bimilarly it i.s difficult to understand according 
to the point of view of 'W'oi.ser why additive relationships 
are obtained in the c<tagidalioa of AsiS^ by a mixture 
of BaCli and MgCl,, f>ecau.se the adsorption of Ba°° and 
of Mg”' would be affected by <:«ch other. 

In a recent paper Frankfert and AVilkinson [Jour. 
Phys. Chem. (024,) 28 p. 051] have studied the adsorp- 
tion of ions by (topiier ferrocyanide. They have observed 
that when chopper ferrocy.anide is sluiken with KCl, KNO* 
or K,B 04 the filtrate is a<!id, whilst the filtrate after 
shaking ivith barium nitmte is practically neutral and 
with aluminium salts the filtnile is alkaline. Borne of the 
results obtained by the above autliors semn very peculiar 
and wo are. making experiments on the adsorption of 
snb.stances by copper feiTocyanide. 

fn the fon^going papers we have proved that MnO, 
which is a negativelj' chargetl sol can adsorb the basic 
part from salt solutions leaving the filtrate acid in all 
cases, whilst Ba SO4, Fe( 0 H) 3 , Cr(OH)s etc, which ai-e 
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positively charged can adsorb the acidic portion of the 

salt solution leaving the filtratfi alkaline. Similarly frei^ 

silica [Glixelli. Cornpt. rend 176, 1714, (1923)] can adsorb 
basic portion of the salt solution setting free the acid. 
Moreover, VVeiser has shown that when a solution of iVaCl 
is shaken with freshly precipitated Cu(OH), alkali is 
set free. We have also shown that when a sol of mastic 
is coagulated by KOI, acid is set free. The re.sults of 
Linder and Picton on the generation of acids by the 

coagulation of AsjHa sol l)y neutral .salts are well 
known. Similarly, acid is set free when Sb^Ss sol is 

coagulattHl by KOI, BaCl, etc. It seems (dear therefon* 

that negatively charged sols when coagulated by a salt 
can set free acid in the filtrate whilst positively charged 
sols give out alkali in the lilti-ate. Copper ferrocya- 
nide as ordinarily prepared is negatively charged. But th(‘ 
amount of chaige is extremely small as w'e have repeated- 
ly .seen in cataphoretic experiments that the .sol move 

extremely slowly under the influence of electrical foiw. 
Hence the sol readily coagulates by the adsorption of a 
very small quantity of positive ions and at the same 
lime the precipitated substance Ciin also adsorti negative 

ions because of chernicsil affinity of the sol for negative 
ions and can again pass into a negatively charged .sol. 
Moreover the substsmee is likely to form a jHisitively 
charged sol by the preferential adsoiption of positive ions 
from an electrolyte. With KCl the sol gets coagulated 

by the adsorption of K° ions setting free HCl. If potassium 
ferrocyanide is added to the sol of copper ferrocyanide, at 
first the sol may be coagulated by the adsorption of positive 
ions ; immediately the neutralised particles will re-adsorb 
ferrocyanide ions because of the chemeial affinity of tlie 
neutralised particles for the ferrocyanide ions setting free 
alksJi. Frankfert and Wilkinson have added alkali to 
make the aluminium salts neutral. Apparently they have 
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got in their aluminium solutions negatively charged 
AKOH)j peptised by OH' ions; consequently when 
copper ferrocytmide is added to such a mixture the 
aluminium hydroxide gets coagulated as we have repeatedly 
observed leaving free the caustic alkali. That is why 
the above autliors have always got alkali in their aluminium 
salts. If a pure solution of AlClj or A1 (NOj)* is 
used with copper ferrocyanide free acid is liberated in 
the coagulation in addition U) the acid already existing 
in the solution due to hydrolyis of aluminium salts. 
The negatively charged copper ferrocyanide adsorbs aluminium 
ions from Al salt solutions and sets free an equivalent 
amount of acids, as there is very little preferential adsorption 
of Cl or NOj ions. 

Prussian blue, mastic etc^ should behave like copper 
ferrocyanide because these substances are usually veiy 

feebly chargetl and are of an amphoteric nature. 

In a pre\ious paper [ Chatterji and Dhar. Koll. 

Zeit SS, 18, (192.3) ] we have investigated the efi'ect of 

neutural salts on the adsorption of copper and iron from 
solutions of copper sulphate and ferric chloride by hydrated 
manganese dioxide. Sodium chloride in normal or double 
normal concentrations has got very little effect on the 
adsorption of copper, whilst ammonium chloride has a 
very small depressing effect. Sodium sulphate in normal 
solutions has a slight repressing effect. Ammonium 
sulphate in increasing concentrations decreases adsorption 
and the same effect is observed with KCI. The effect 

of an addition of dilute HNO* is to depress the adsorp- 
tion of Ag ion from AgNO* bj"^ hydrated MnO,. 

Substances like canesugar and alcohol which decrease 
the surface tension of water also decreases the adsorption 
of silver from AgNO, by hydrated MnO,. 

Linder and Picton [Jour. Chem. 8o& 66, 63, (1895)] 
have shown that when As,S, is precipitated BaCl, 
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«jr SrCl* the metallic radicles are adsorbed by the 
coagulated substance. If the coagulated sulphide is 
shaken with KCl or NaCl the adsorbed metal is dis- 
placed by Na” or K® and comes out in the solution. 
We have found that hydrated MnO* containing some 
adsorbed copper losses its copper when shaken with KCl 
or Nad or the aqueous solution of any other elec* 
trolyte. 

It appears therefore that the adsorption by hydrated 
MnO, will depend mainly on two factoi’s (1) the 
adsorbability of the positive ion and (2) on the concen- 
tration of tbe ion which is going to be adsorbed. From 
our experiments on hydrated MnO, we find that from 
equivalent solutions of NaNO, and AgNO, more of silver 
is adsorbed than sodium, but adsorbed silver can be 
displaced by sodium by shaking hydrated MnO, containing 
silver with a large excess of NaNO,. In other words 
the tendency of silver ions to be tidsorbed by MnO, in 
greater quantity than Na ion is counteracted by the large 
<‘oncentration of Na ion. Bearing the above facts in 
mind the following ol>servation of Frenndlich and Scholz 
would be very interesting. “ At the first glance, our 
observations seem to be different in certain respects from 
this kind of biological action of electrolytes and from the 
ionic antitgonism observed by Neuschloz [Pfluger’s Arch., 
181 , 17, 1920) ] using Lecithin sol. hi both of the latter 
cases it was frequently observed that the action of univalent 
cations could be nullified by the addition of divalent 
cations while with sulphur sol the action of divalent cation 
was decreased under the influence of univalent cations. 
This is probably only a supeidicial different^. The 
coagulation of the sulphur sol is realized only at such 
concentrations of univalent cations that small concentrations 
of divalent cations cannot annul their influence by 
tlisplacing the adsorption. If we htul studied smaller 
42 
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concentrations of univalent cations, we could have nullified 
their effect by divalent cations.” 

These conclusions of Freundlich are in agreement 
with the experimental observations already cited with hydrated 
MnO», AsjSj and Sb,Sj sols. 

[Lillie; Am. J. Physiol, 10, 433, (1904) j has 
shown that cilia of the larva of a ringworm Arenicola, is 
liquefial by a solution confciining sodium ion ; the addition 
of a small amount of divfdent cation stops this process. 
We can explain the above fact and other biological salt 
antagonism in the following way : — -The cells in the larva of a 
ringworm (or any other animal matter) is of an albuminious 
nature and like albumen either weakly negative or wejikly 
positive or may be neutral. We (;an assume that the cells 
are neutral or charged very slightly negatively, in presence 
of sodium chloride the cells would adsorb CK ions ilue 

to chemical affinity and would become negativt^ly charged 
and the larva would pass into liquid state. Now the 

addition of a little bivalent calcium ion would neutralize 

n^ative charge and would re-establisli the original con- 
ditions of the larva. There is a chemical analogy of 

this phenomenon of change of mobility due to an adsorp- 
tion of ion, when sodium hydroxide is gradually added 

to a fairly concentrated solution of copper sulphate ; 
copper hydroxide which is formed must be positively 
charged due to the adsorption of Cu ions, and the 

mixture is very mobile. If the addition of alkali is 

continued, a certain stage appears when the mobility of 
the system decreases considerably and a viscous bulky 
precipitate of cupric hydroxide is obtained. At this 

stage the whole of the copper is precipitated and the 
hydroxide is practically neutral. If more alkali is added 
the mixture becomes again mobile and the copper 
hydroxide become.s negatively charged due to the adsorp- 
tion of OH ions and the precipitate become less bulky. 
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Similar observations can bo made in the precipitation of 
other hydroxides (cf. Sen and Dhar Kolloid Zeit S3, 
193, 1923). Moreover Dhar has shown that ions occupy less 
volume than imtlissociatetl molecules (Dhar, Zeit Elcktro. 
Chern. 19, 748 1913). 

Ringer [Journal of physiol J 29, 222, (1882) ] has 
shown that when the heart of a frog was perfused with a 
solution of sodium chloride, isotonic with the blood, the 
beats gradually diminished in extent and ultimately ceased. 
If calcium chloride were added to the sodium chloride 
solution when the heart had ceased to beat, the excitability 
to stimuli returned and was soon followed by .spontaneous 
beats. 

In this case also we can assume that the chlorine 
ion from the sodium chloride solution is first taken up 
by the cells of the heart and becomes negatively charged. 
The addition of Ca ions neutralises the charge and makes 
the heart more or less normal. It seems probable, therefoi'e, 
that ph 5 ^siological salt antagonism is i:aused by the pre- 
ferential adsorption of an univalent ion and its subsequent 
neutralisation by the bivalent oppositely charged ion or 
vice versa. It must be emphasised that animal ceils are 
of a cx)lloidal nature with iarg<5 surface behave more or 
less like amphoteric subshmees and can readily take up 
either a feeble positive or a negative charge due to the 
adsorption of an ion. 

Loeb and co-AVorkers, [Pfluger’s Arch 97, 394, (1903); 
Biochem. Zeit 308, (1911) ] Osterhant [Bot Gazette 4S, 
127, (1906)] and other.s have shoAvn that a marine Gammarus, 
Fundulus etc. can only live in a mixture of NaCl, KCl 
and CaCIa and sometimes in a mixture of NaCl, KCl, CaClj 
and MgCli are necessary. 

In order to throw light on physiological salt antagonism, 
we are investigating the coagulation of various sols and 
adsorption by mixtures of two and three electrolytes. 
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Summary. 

1. Negatively ehaigetl .stannic hydroxide has been 
obtained by tlie addition of SnOU to a dilute solution of 
caustic soda and subsequent dialysis. The coagulation of 
the above sol by difterent electrolytes has been investigat- 
ed. It has been found that the coagulation follows 
Schulze-Hardy law with the exception of thorium nitrate 

2. The effect of the change in concentration of the 
sol on its coagulation by electrolytes has been investigated. 
It has been observed with this sol that the precipitation 
value of all electrolytes decreases with the decrease in the 
concentration of the sol. 'Phis result is in agi-eement 
with the general rule enunciated in a previous paper that 
the amount of electrolyte neces-sary for coagulation decreases 
with the decrease in the concentration of colloids, irrespective 
of the valency of the coagidating ion. 

3. The influence of the change in concentration of 
mastic sol towards its coagulation by electrolytes has also 
been investigated. It is found that the liehaviour of this 
sol towards dilution is abnormal and precipitation value 
for KCl and BaCl, increases with the decrease in the 
concentration of the sol, whilst in the case of Al, (SO4), 
the precipitation value decreases with the decreasing con- 
centration of the sol. It has been also observed that 
the coagulating power of Ba is only about 7 times greater 
than that of K whilst in the cases of other n^atively 
charged sol the coagulating power of Ba ion is approximately 
50 times greater than that of K ion. Hence the sol is 
likely to adsorb an appreciable quantity of chloride ion from 
either KCl or BaCl,. This adsorption of ion carrying the 
same charge a.s colloid particles can explain the abnormal 
dilution effect with KCl and BaCl, and the very low 
coagulating power of BaCl, towards mastic. 

4. Preliminary experiments on the influence of 
dilution on the coagulation of Prussian blue by monovalent 
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KCl and bivalent BaCl, liave been made. It has; 
been found that the sol shows an abnormality towards 
dilution with KCl and is normal with BaCl,. Weiser and 
Nicholas (loc. Cit) have, however, obtained normal behaviour 
with KCl towanis dilution of this sol. 

.5. Coagulation experiments have been made with 
Sb^Ss mastic stannic hydroxide (negative), Prussian blue, 
ferric-hydroxide (negative) and chromium hydroxide (nega- 
tive). The behaviour of negtitively chargetl stannic hydro- 
xide, ferric hydroxide and chromium hydr<jxide is normal ; 
in other words praetictdly tidditive relationship of precipi- 
tation value has been obtained with the tibovc hydroxide 
sols when precipitated by mixture of electrolytes htinug 
widely varying precipitating powers. Cn the other htind 
iSbjSj, mastic :t.nd Prussian blue behave abnormally 
with mixture of electrolj' te.s ; in other words, the 
precipitation values of mixture of electrolytes of widely 
varying precipitatitig powers are always greater than the 
additive values. 

6. The phenomenon of acclimatization can be ex- 
plained from the point of view that colloid particles can 
adsorb ions carrying the same charge as the colloid. It 
follows, therefoi’e, that AS,Ss, SbiS», mastic etc. which 
are known to absorb negative ions markedly should show 
ibis phenomenon of acclimitization more markedly than 
Fe(OH), positive and negative, Ci’(OH)j po.sitive and 
negative etc., which hardly absorb ion.s carrying the same 
charge. Experiments of Freundlich and Weiser show' that 
AS»Ss sol shows this phenomenon of acclimatization to a 
greater extent than the positive Fe(OH), sol. Our preli- 
minary experiments also show that this phenomenon i.s veiy 
marked with mastic sol than with negatively charged 
Fe (OH),. 

7. We are of the opinion that the three phenomenon 
(o) abnormality of the sols to follow the general dilution 
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rule, (b) abnormal behaviour towards mitxurc of electrolytes 
and (c) the phenomenon of acclimatization are essentially 
connect(id and are mainly due to the adsorption of ions 
carrying the same chaise as the sol. Thus As*Ss, Sb,S,, 
S (Od^n) mastic and Prussian blue behave abnormallj' 
towards dilution as well as with a mixture of electrolytes. 
Moreover, the phenomenon of acclimatization has been 
found to be more pronounced with AsiSj, mastic etc.. 
than with Fo (OH)i negative and positive. 

8. It appeiirs that the effect of ageing of sols is 
more pronounced with sol.s like Sb^Ss, AsiSj etc. when 
coagulated by univalent salts like NaCl, KCl etc. 

9. When Sb,S» sol is coagulated by a mixture 
of KCl and BaCl, the adsorption of Ba°° ion is decreasetl 
to a great extent (oo%) due to the presence of K° ion, 
and the adsorption of K“ ion is also decreased due to the 
presence of Ba ion. The .sum of the ad.soi'ption of K‘ and 
Ba°® ion expressed as equivalents is greater than the 
adsorption of Ba ion when coagulated by BaCU alone 
but less than that of K° ion when coagulated by KCl alone. 
Thi.s has lieen explained from the view that ion.s of higli 
precipitation value are more adsorbt^d than ions of low 
precipitation vfdue. 

1 0. “ Ionic antagonism *’ need not be confined to 
cases where sols arc coagulated by & mixture of electrolytes 
of widely varying coagulating powers. A certain amount 
of ‘ionic antagonism’ should be noticeable Avhen sols 
like As,Sj, Sb,Sj etc. are coagulated by univalent elec- 
trolytes. 

1 1. Certiiin cases of physiological salt antagonism 
has been explained from tlie point of view of adsorption 
of negative ions by animal cells. 
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Injluenee of ions cart'yin g tlie same charge «.<.• the 
sol on the coagulation of sols of ({) Prussian blue and 
of (li) positive ferric hydroxide. 

S. GHOSH and N. R. DHAR. 

In foregoing papers of this series [(Sen, Ganguly and 
Dhar, Jour. Pliys. Cheni. 28, 31J, ( 1924); Dliar, Sen and 
Ghosh, Jour. Phys. Chein. 28, 4.57, (1924); Sen and Dliar, 
Koll Zeit. 34, 262, (1924); Ghosh and Dhar, Koll Zeit. 36, 
144, (1924); same journal (1924),], the influence of ions 
carrying the same charge as the colloid particles on the 
coagulation of sols has been studial and its importance 
in the explanation of various phenomena in colloid 
chemistry has been emphasised In the previous paper 
of this series [Jour. Phys. Chcm. (1925)] we have arrived 
at the following conclusions: — 

(i.) The abnormal dilution effect shown by such sols 
as AsjSs, SbjSj, mastic etc., when coagulated by monovalent 
electrolytes like KCl, LiCl etc., {viz., more of these 
electi’olytes is necessary to coagulate a dilute sol than a 
concentrated one) has been attributed to tlie fact that these 
sols can adsorb the ions carrying the same charge a.s the 
colloid particles. 

(tV.) The abnormal behaGour shown by these sols with 
mixtures of electrolytes {viz., the precipitation values of 
mixture of electrolytes of widely varying precipitirting 
powers are greater than the additive values) is also explained 
from the same point of view, so that a sol is partially 
stabilised by the adsorption of ions carrying tlie same 
charge as the colloid particles, 
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(tit.) The phenomenon of acclimatization has been 
explained from the point of view that colloidal particles 
can adsorb ons carrying the same charge as the colloid. 
It follows therefore that such sols as As»Ss, Sb,Ss, mastic 
etc., which are know’u to adsorb negative ions show this 
phenomenon more markedly than Fe(OH)j positive and 
negative, Cr(OH)s positive and negative etc., which hardly 
adsorb monovalent ions caiTying the same charge tis that 
on the sols. 

We are of the opinion that the three phenomena (a) 
abnormality of sols to follow the general dilution laile, (b) 
abnormal behaviour with a mixtme of electrolytes of widely 
varying precipitating values, and (<0 the phenomenon of 
sieclimatizafion are essentially connected and are mainly 
due to the adsorption of ions carrying the same charge as 
the sol. From all the data available from our experiments 
iis well as those of other workers in this line it has been 
found that those sols, which are normal towards mixed elec- 
trolytes also show normal behaviour on dilution. Moreover 
it has been proved with mastic sol (Ghosh and Dhar, loc« cit) 
and arsenic trisulphidt^ sol [Freundlich Zeit. Phys. Chem. 
44, 1.48, (1908) ; Weiser, Jour. Phys. Chem. 26, 399, (1921) ] 
which show' abnormal behaviour towards dilution when 
coagnlatefl by KCl, LiCl etc., towards a mixture of electrolytes, 
and also show the phenomenon of acclimatization more 
markedly than positively charged ferric hydroxide (Fre- 
iindlidi, loc. cit and Weiser. loc. ciit) and negatively charged 
feme hydroxide. 

From a few preliminary experiments on Prussian blue, 
wo concludixl that the sol behaves abnormally towards 
KCl, LiCl etc., on dilution and is also abnormal towards 
a mixture of oleetrolyte.s. On the other hand, Weiser and 
Nicholas [Jour. Phys. Chem. 26, 748, (1921) ] have 
obsoi'V(Hl that this .sol shows a normal behaviour towards 
KCl on dilution. It will be obseiw’ed from their data that 
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the amounts of monovalent electrolyte necessary to 
coagulate strong and dilute sols are not very different when 
compared with the amounts of electrol 3 ’tes like KCl, KBrQs 
etc., necessary to coagulate concentrated and dilute sols of 
positively charged ferric hydroxide, which may be consi- 
dered as one of the typical normally behaving colloidal 
.solution. 


Table I 

Precipitation of Prussian blue colloid. 


Concentration of colloid, j 

( 


Piecipitation valuer. 

i 

100 % ! 

KCl 

HaCl, 

Aid, 

(8 grms. per litre) 

8H-6 

4-25 

2 200 

7.5 % 

87;) 

3 33 

1625 

50 % ; 

85‘4 

27.5 

1 125 

2b % i 

8r2 

2 16 

0-500 

10 % i 

771 

1 67 

0208 


Table II. 

Precipitation of ferric oxide colloid. 

Concentration of colloid. 

Procipitation values. 


KBrO, [C.,Sa^ ICaVCN), 

100 % 

40-1 0-68 0-57 

(1*7 grm. per litre) 


50 % 

0 

b 

b 

25 % 

! 2S0 025 016 

12*5 % 

25 0 016 008 


It will be observed that the amount of the monovalent 
electrolyte KCl nece.ssary to coagulate Prussian blue decreases 
to about when the sol is diluted 4 times, whilst 

43 
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the amount of monovalent electrolyte KBrO, necessary to 
coagulate positively chargetl ferric hydroxide decreases to 
more than 25%^ for the same tlilution. 

In this paper we have carefully investigate<l the 
dilution effect, the phenomenon of acclimatization, and the 
action of mixed electrolytes with Prussian blue. We luivc 
also investigated the influence of stabilising ions on the 
coagulation of positively charged fenic hydroxide sol. More- 
over, we have also observed the effect of KOH and several 
non-electrolytes on the coagulation of arsenious ami 
antimony sulphide sols by electrolytes. It is well-known 
that freshly precipitated ferric hydroxide, chromium hydroxide 
etc., can be peptised by the specific adsoiption of 
Or,"'^" Al^"' ions etc., by the hydroxides from .solutions of 
ferric chloride, chromium cliloritle, ahmiinium chloride etc. 
if. seems probable therefore, that the adsorption of these ions 
should follcjw the ovdiuarv adsorption laws. Now wdien 
FeCl:, is Hrsl added in .small (juantities to a Fc(OH)., 
>ol the (olloiti jjarticlos, due to (hemical affinity, will adsorb 
some similarly charged Fe'"^'^ ions. The percentage of PV*'* 
adsorption is high a.s the solution of FeCU is very dilute, 
HO that the equivalent amount of (»ppo.^itely charged ions 
(Cr) has practically no precipitating action. Now^ as the 
amount of P’e(.-b. is gradually inert^ased the adsorption of 
positive^ charged ferric ion reaches a saturation limit and 
(he precipitating ion (Cl') which also increases in concentra- 
tion tends to overcome tlie pi'ptising effect of Fe°°° ions and 
coagulates the sol. 

If the sol is now diluted say t\vii;e the amount of 
adsorption of Fe°°® ion by the sol is not actually halved ; 
on the other hand, the amount of the adsoiption of chlorine 
ions by the colloidal particles is practically halved, as this 
adsorption is mainly due to the electrical attraction. Conse- 
quently the total effect is that Fe°°° ion shows a greater 
peptising effect than the precipitating influence of the oppositely 
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charged chloride iott, when the same amount of ferric 
chloride is added to a diluted sol of ferric hydroxide than 
to a concentrated sol. Hence more of FeCl, is necessary 
to coagulate the dilute sol than a stronger one. When 
ferric chloride is added to a sol of ferric hydroxide it 
will adsorb both the ions, but the chlorine ion is adsorbed 
more than the ferric ion because the sol is actually co- 
agulated by the electrolyte. Tt setmis very likely that the 
ratio of the adsorption of negative to that of the positive 
ion gradually become smaller and smaller and approaches 
unity and in certain cases, the ratio may bo less than unity, 
'riiat is why more and more FeClj is necessary to co- 
agulate a dilute sol of ferrir* hydroxide than a concentrated 
one. 

Ferric hydroxide has (dieinical afiinity for Pe°"° ions 
and can readily adsorb them. It is pos.sible that when 
small (juantities of FeCl 3 is added to a sol of Fe(OH)» 
sucli that no coagulation takc's place, the amount of ferric 
ion adsorbefi is slightly gi-eater tlian that of chlorine 
ion and hoiwie the sol bewmes more stable towards KCl. 
This effect will be greatly diminished if the adsorption of 
ions carrying the same charge as the colloid particles is 
extremely small or the piecipitating effect of the oppositely 
charged ions is very great A similar line of argument was 
advanced in the explanation of the abnormal dilution effect of 
sols like AsiS-*, SbjSj etc., towards KCl, LiCl ete., [compare 
8en jind Dhar* (loc cit)]. It is known that As,Sj, Sb,Ss 
etc., adsorbs appreciable amounts of chloride, nitrate, sulphate 
ions etc., so that moie of monovalent K from KCl is 
necessary to coagulate a dilute sol than a stronger- one, 
on tlie other hand the effect is not so marked with 
electrolytes of bivalent cations like Ba°®, Mg°° etc., and 
still so with trivalent cations like AF°®, Ce'"’” etc., 

where very small quantities of electrolytes bring about the 
coagulation and the stabilising action of Cl', NO,', SO*" 
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is compensated by the greater precipitating action of Ba"®, 
Al°^° etc., tlian monovalent K®, Li° etc. Consequently it 
seems probable that when coagulation of sols is efiected 

by electrolytes of which both the ions can be adsorbed by 
the sols, wo are likely to get (?’) abnormal dilution effect, 
{ii) abnormal behaviour towards a mixture of electrolytes 
and (m) phenomenon of acclimatization. 

In the following experiments we will .show that 
Fe(OH)j sol which beliavos normally in its coagulation 

by KCl, KBrOj etc., is .abnormal when coagulated by 
FeClj, AI(N03)3 etc., because from tlie.se electrolytes both 
the positive and the negative ions are appreciably adsorbed 
and the ratio of the adsorption of negative ion to that of 
positb’e ion decreases with the decreasing concentration of 
the sol ; just as in the coagulation of As^Sa, Sb^Sj, 
mastic etc., by KCl, LiCl etc., the ratio of adsorption of 
positive to negative ion decrea.ses with tlie decreasing concentra- 
tion of the sol. 

On the other hand, sols like As,S,, Sb^Ss etc., 

which behave abnormally on dilution when coagulated by 
KCl, NaCl etc., should behave normally when coagulated 
by an electrolyte of whidr mainly the positive ion is 
adsorbed by the .sol. Our results on the coagulation of 

As, S3 sol by AgKO, prove that the coagulation of this 
sol follows the general dilution rule, Avhen coagulated by 
AgNO,. 


EXPERIMENTAL. 


Pr ussian blue - 

The sol is prepared by precipitating Prussian blue 
from a solution of Ft Cl 3 by potassium ferrocyanide and 
washing the precipitated mass with distilled water. The sol 
is obtained as a filtrate and can be made a concentrated one 



STUDIES IN ADSORPTION XI 


B41 


The sol is dialysed through a parchment paper for seven days 
when it is free from ferrocyanide. The sol made up to 
5 C.C. in clean tubes, is mixed with the electrolyte made 
up to 5 C.C. in another tube and kept for two hours 
when complete coagulation and clearing at the top of tlie 
mixtui-e are obsei’ved. A series of experiment were carried 
out by the addition c>f electrolytes near the precipitation 
value and the exact precipitation value is found out 
with great care. It will be very interesting to note 
that this sol oven after coagulation cjin again pass to the 
colloidal state on dilution and is extremely sensitive to 
shaking. With special care coagulation and complete 
clearing at the top of the mixture in a definite time 
can be reproduced with the same concentration of the 
precipitating electrolyte and the sol. 

Table III. 


Strength of Prussian blue sol='2'88 grms per litre; 
sol A = 1 C.C. of the sol made upto 1 0 c.c. 

Volume =10 c.c. ; Time =2 hrs. 


1 

Cone, of the sol. i 

KCl f 

1 

N 

Bad, ,5 

A1 (NO,)^|| 

A 

A 

2 

170 

180 i 

( 1 

1‘05 

095 

090 

050 

A 

10 

2‘00 

0'80 

0'20 


In order to be absolutely certain that the results 
obtained in the previous table are reproducible and valid 
for all samples of Prus.sian blue sols, a fresh sol of 
Prussian blue was prepared. This sol was diidysed for a 
week and freed from electrolytes. The sol was coagulated 
by KCl at two different dilutions and the following results 
were obtained. 
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Table IV. 

Sti'ength of the Prussian blue sol =* 276 grms per 
liti’e; sol A=l c.e, of the original sol made upto 10 c.c. 
Volume = 10 C.C. ; Time =20 hours. 


Concentration Amoiiiit of KCl 

of the sol. I * 

! requird to coaKnlate. 


A 

A 

"o 


2'30 c.c. 
2'40 c.c. 


Hence with this sample of the sol also we find 
that the diluted sol takes more of KOI for coagulation 
than a concentrated one. 

Wei.ser and Nicholas (loc. cit) have re]!)ort(^d that 
the sol of Prussian blue prepaml by them conbuned free 
potassium ferrooyanide. We are trying to find out whether 
the diffen'uoe between our results and those obtained by 
the above authors can be attributed to free K 4 Fe(Cn)e. 

fn the following table.s the results are given as 
obtained when Prussian blue sol is coagtdate<l by a mixtin-e 
of various electrolytes. 

Table V. 

Coagulation of Prussian bine .sol by a mixture of 
KCl sindBaCl,. 

Volume =10 c.c. Time =2 boms. Amount of sol 


taken each time=l c.c. 


X 

KCli 

HaCU 

: 

! 

■ Difference. 

i Percentage 
i of the 

added c.c. 

; added c.c. 

jCalciilated c.c 


j difference. 

0 

1‘05 

1 


! 

i*8 

0 




O'l 

i'2r) 

o’ys 

^ +0‘27 : 

28 

03 

I'.ir) 

0-88 

+ 047 

1 54 

06 

! 1’30 

070 

I +060 

1 86 

0'8 

i 115 

0’58 

i +0-57 

98 

I'O 

080 

0*47 

! +0-33 

70 

1'40 

045 

023 

+ 022 

96 
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Table VI. 

Coagulation of Prussian blue sol by a. mixtui’e of KCl 
and HCl. 
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Table IX. 

Coagulation of Prussian blue sol by u mixture of 
BaCl, and MgCl,. 


MfiCU N 
50 

added c.c. , 

BaCl, N 
50 

‘ added c.c. 

1 BaCh N i 

I j 

I'Calculated c.c.? 

; 

Difference, j 

I 

Percentage 
of the 
difference. 

0 

! .f05 

1 

j 

j 


270 

0 

! 



02 

100 

0-97 

+ 0’03 

3 

0-8 ' 

08 

074 

+ 006 i 

8 

1-4 ! 

0’6 

: 0-51 

+009 i 

17 


J : ^ L 


Table X. 


Coagulation of Prussian blue 
BaCl, and Al(NO,),. 

sol by a 

mixture of 

BaOl, N 

At (NO,):, N 

AI (NO,), N 


Percentage 

5l) 

too 

400 

Difference, 

of the 

added c.c. 

additd c.c. 

Oulculaied c.c. 


difference. 

0 

0-90 



I 

1’05 

0 



i 

I 

O' 10 

0-90 ; 

1 0’f<2 ; 

+ 0*08 

10 

0'30 

0 75 i 

! 0-64 i 

+ 011 

! 17 

0’50 

0'55 

0+7 1 

+ 0 08 

1 17 

070 

i 

n-30 : 

1 

0'2r> 1 

i 

+ 005 

i 

20 


Acclimatization of Prussian Oltie colloid and posi- 
tively charged ferric hydroxide sol. 

The following results were obtained on the acclimatization 
of Pinissian blue colloid towai'ds KCl and BaCl* : — 

X 

When 1’80 c.e. KCl is added to a sol of Prussian 
4 

blue (1 C.C. of the original sol made up to 8 c.c.) all at once 
complete coagulation occurs within 2 hours. The precipitation 
was, however, not complete in 2 hours after adding the 

electi'olyte, if I'B c.c, ^KCl is added to the same amount 
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of the sol in 70 hours, 0*2 c.c. of the electrolyte being 

added at a time. By adding 0*4 c,c. ^ KCl more and 

blowing the sol to stand undisturbed for 2 hours, the 
complete coagulation is effected. 

N 

When r05 c.c. Bad, is added all at once the 

50 

complete coagulation of the colloid (1 c.c. of the sol made 
upto 9 e.e.) occurs within 2 hours. If, however, the addition 
N 

is slow and 1 c.tv^BaCla is added in 70 hours, 0*1 c.c. of 

.00 

the electrolyte being added at a time, complete coagulation 
does not occur in 2 hours after the last addition of the 

electrolyte. On adding O'l. c.c. ~ BaCl, more and allow- 
ing the colloid to stand for 2 hours complete precipitation 
is observed. 

The following results were obtained on the acclima- 
tization of positively charged ferric hydroxide .«ol by 
AKNOs)* and KBrOa : — 

When o'O c.c. of N Al(N 03 )i is added all at once 
to 7 C.C. of ferric hydroxide sol containing 1*034 grms. of 
FcjOj per litre complete coagulation occurs after 24 hours, 
whilst the same amount of the sol requires 5*4 c.c. to 
completely cojxgulate the sol in 24 hours after the last 
addition of the electrolyte, when the addition is ‘effected 
in 1 20 hours, 0*3 c.c. of the electrolyte being added at a time. 
When the sol of ferric hydroxide is coagulated by 

KBrOj 7 C.C. of Fe(OH )3 containing 1*034 grms. of 

Fe,Oa per litre takes 2*1 c.c. of the electrolyte to completely 
piocipitate in 24 hours. It has, however, been observed 
that if the addition of the electrolyte is effected in 

72 hours, complete coagulation occurs with 2*1 c.c. ^ 

KBrO,. 

44 
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It will be seen from the I’esults of the experiments 
on acclimatization that the phenomenon is market! with 
Fe(OH )3 sol towards AKNOa)*, whilst it. is not at all 
obseiwed towai’ds KBrOa. 

Ejffect of dilution o-n the eoagulfttion of 
sol with AgNOi- 

The arsenic sulphitle sol is prepared by the method 
already given in a previous tjommunication (see (thosh 
and Dhar, loc. cit). The following table gives the 
resnlts. 


'rABLK XI 

Sol A = 0‘41 grins, of As, B 3 perlitrt'. Volume=l(t c.c. 
Immediate coagulation is observed. 


I 


1 

< Vmcentration of tlio sol. 

Amt. of K/4'.S8 AgNO, to 
coagulate. 

A 

070 e.c. 

A/4 

<)'20 c.c. 

A/K) 

O'lO c.c. 


It has been already remarked in this paper that 
As, S 3 requires moic of univalent salts like KCI, NaCl 
etc., to coagulate a dilute sol than a, concentrated one. 
It vrill be interesting to observe from the above table 
that the amount of AgNOa required for complete 
coagulation decreases with tJie decreasing (joncentration of 
the sol. 

Freundlich [Kapillarchemic page 570, (.1922) | has 
shown that univalent organic cations of morphine hydro- 
chloride, aniline hydrochloride behave as far better 
coagulating agents than KCI, LiCl etc. in the coagulation 
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of AsatSj sol. Many of those organic cations ai’e also 
highly adsorbed and il is expected that tliese will behave 
normally on dilution toward,s the (;oagulation of AstSs 
sol. Experiments in this line are in progress in this 
laboi’atorv. 


Fen‘ic hydroxuLe sof {positive). 

'J'he sol was pi-ejiared after the manner of Ki'ecke 
[Jour. Prakt. (Uieni. S, 286 (1871)] by the gradual addition 
of a concentrated solution of ferric chloride to a large volume 
of boiling water which was kept well stirred. The sol 
did not give any coloration with |K)tassium ferrocyanide, 
but (contains hydrochloric acid, whicJi is removed by 
dialysis lasting- 0 days. 'I'he following taljle gives the result 
on tlic effect of dilution of the ferric hydroxide sol when 
coagulated by A1(.K().)„ Fed. and KCl. 

'Pable XII 

Strength of the sol=3'62 grms. of FeaO. per litre. 

Sol A = 2c.c. of the original sol made upto 10 c.c. ; 
volume =10 C.C. Immediate turbidity is observed. 


( 'onccnti-a- 
l.ion 


Amount iieccKSSiry to coagulaU’. 


t)f the 
riol. 

1 

N Kt'l 

i 

X At (NO.) , ; 

i 

f FeOl. 

j 


A 

1 

1 

i'lO c.f. i 

2-30 c.c. 

— 

3*2 C.C. 


A/4 

0‘U() CA*. ' 

2*.50 C.C. 

; :r3 C.C-. 


A/IO 

0 70 c.c. ; 

270 C.C. 

i 

3‘4 c.c. 



'Phe following table gives the lesult when ferric hy- 
droxide sol is coagulated bv a mixture of A1 (KO*). and 
K, 80 *, 
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Table XIH. 


Amount of sol taken each time = 2 c.c; volume =10 c.c. 
Immediate turbidity is observed. 


AKNO,)., N 
added c.c. 

! 

1 k^so.nMoo 

added, c.c. 

! 

Ik. SO 4 N/400 

1 Calculated 
' c.c. 

i 

! 

! 

1 Difference. 

! 

i Percentage of 
i the 

i difference. 

0 

1*4.5 




2';5 

0 

1 

i 



0'2 

1*80 

1*32 1 

0*48 

3(*. 

O’.'j 

1*75 

1*13 

0*62 

57 

0-8 

1*6,5 

0*95 i 

1 0*70 

74 

re 

1*35 

0*44 

1 

i 0*91 

1 

207 


Avlinw>iy sulphide and Arsenious sulphide sols. 


In the following tables results are given as obtained 
when SbiSj and As, S 3 sols ai-e coagulated by electrolytes 
in presence of KOH and various non-electrolytes. The 
sulphide sols are prepaied by the method already described 
in previous communications. 

Table XIV. 

Coagulation of Sb,S, sol in preisence of KOH. 
Strength of the Sb,S 3 sol = 37157 grs. pot., antimony 
tartrate per litre. Volume =8 c.c, ; amount of sol taken =4 
c.c. ; Time=:i houi-. 


Amount of 

KOH N/7*35 added 
cc. 

Amount of electrolyte to 

coagulate. 

KOI 7 

4 

C.C. 

BaCl, N/125 

c.c. 

1 

• 

Al,(SO,)., 
N/166*6 C.C. 

0 

1*25 

10 

0 

1*10 

0*1 


j 


(Antimony not pre- 

1*25 

1*10 ' 

did not co- 

sent in the filtrate.) 



agulate with 

0*5 


i 

i 1*10 c.c. 

(Antimony present 

1*35 

i 0*85 

Do. 

in the filtrate) 


1 
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Table XV. 

Coagulation of SbiSj sol in presence of cane sugar. 
Another sample of Sb,Ss sol of the same couchiu- 
tration as in the previou.s table is used here. 


Cane sugar j 
added c.c. 



Table XVI. 

Coagulation of BbjSs sol in pre.s(;ncc of urea. 


I Amount necessary to coagulate. 


Ur(!a M added 
c.c. 


KCl^ 


BaCC N/125 

C.C. 


'‘'The sol has turned slightly unstable on sbinding 
for about 15 days. 

Table XVII. 

Cfoagulation of Sl),S» sol in presence of ethyl 
alcohol. 


Amount necessary to coagulate. 

Ethyl alcohol 98 % T " ” 

added. KCl N/4 Bad* N/125 1 

c.e. c.c. C.C. i ® 

I I c.c. 

0-5 ■ }*90 0-95 ■ 1-15 

V-n i ^ 1*00 1-25 
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Tabjj; XVllL 


(JoagiilatioD of SbjSj sol in iiresence of ])i*upyl 


:ilc5ohol. 


I^ropyl alcolo)! 
added 


Aiijoiini necessary to coagnlate. 

KOI N/4 RiCL N/125: A1,(S0 J. j 
c.c. o.c*. 


Iabjj: Al; 


!Sti'(.!n}rtli of As,Ss Sol=i)'184 gi-s. per litre. 

Ainounl of sol taken time =4 c.c. ; volume = JS 

C.c.; 'i’ime = -2 hour, (/osignlafion of Asi^s sol in jiresenoe 
of cane sufjar. 


( 'iinc siiuar j- 


Amount iiecosriin*y to CMm^mlate. 


K(n~ 


l ’.a 01, 


Pabli: XX 

Coaj^nlation of As,f<s sol in presence of urea. 


Amount nocesaary to coagnlate. 


I'rea M added 


IvCl 


N 

ItaCl, -|.- 


0 

2 


lAt) 

1’40 


175 

reo 



sirniKis IN .\i>soRFrroN xi 


Tablk XXJ 

( 'oiigulation ol' sol in prosoiuo ol oiliyi alcohol. 


.Vmoiiiit necessiiry io ciinyulalion. 


I'll Kyi alcohol 98 ; 


added o.(*. 

, KCl 1 C.C. 

Bad. C.C. 


0 

140 

r7r> 


0*5 

110 

rmo 


l‘() 

I'oO 

■i'so 



Coagulation of Fe.(OH)-i !>ol hy hariwu KnlphaUf. 

It lias l)P(*n ohsorvcd in a previous paj)er (.sec (Tho.sh 
.iiul Dhar, loc. cif) that FVjfOHjj sol can he coagulated 
l>y Ireshly pretdpilaled Ba8()4. 'Pho I'ollowing table give.s 
the result of the ofte(.*t td’ dilution (»n thi* coagulation of 
Fe(OH)s sol hy BaSO*. 

8 oI A = 0 ’ 22 ti grins. Fo,(>.i per litre. 

'I'ABLK XXI I 

Amount of sol taken — S ('.c. 


Ainoiint of to 

(‘oaculate in sjvnt. 

t)'8G48 unii. 

0‘a.59t; .. 

o'.-hilH .. 

I 

It will be seen, from the above table that the ttmount 
of BaS04 required lo coagulate Fe(OH)5 decreases with 
the deeieasing conoeutration (,)f the sol. 


( 'onccntfation of t)jc sol. 

V 

o 

.\ 
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Coagulation (f arseniom sulphide hy barium sul- 
phate. 

In a previous paper (Ghosh and Dhar, ioc. cit) we 
have determined the coagulation of sulphides of arsenic 
and antimony by freshly pi’ecipitated BaS 04 fi'ee from 
electrolytes. In this paper we have investigated the 
influence of the change of concentration on the coagula- 
tion of AsaSj sol by BaSO* and the following results 
were obtained. 


Iable XXIII 

Original conamtration of As,Ss sol = ()‘81 grm. per 
litre. Sol A = 0'.5 c.c. made up to 8 c.c. ; Vol = 8 c.c. ; 
Time = i hour. 


Concentration of the sol. 

Amount ol: BaSO< in grams. 

A 

()'4578 

A 

2 

0'2G4.'> 

A 

4 ’ 

0‘1.82.3 


These results prove conclusively that in the coagu- 
lation of AsaSs sol by BaS 04 , the greater the concen- 
tration of the sol, the greater is the amount of BaSO* 
necessary for coagulation. It will be evident from the 
curve that the amount of BaSO* necessary to coagulate 
As,S*, Fe(OH)j varies practically directly with the 
concentration of As,Sj, and Fe(OH )3 sols. 

Coagulation of arsenious sulphide hy positively 
charged sol. 

Moreover we have determined the coagulation of 
AsjSj sol by a positively charged ferric hydroxide sol 
and the following results were obtained ; — 
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Tame XXIV 

Strength of As^S, sol= ()'8l grm. per litw. 

Strength of Fe(OH )3 sol = 3'62 gi’ms. per Jitm 
Sol A** 0*5 e.c. As»Ss sol inacie up to 8 c.c. 
Immediate coagulation is observed. 


Concentration of sol. 

Amount of Fe (OH)., sol 
to coagulate. 

3 A 


0*5.5 c.c. 

A 


O'*!.'? c.c. 

A 


<»‘30 c.c. 

2 



From tlie above results it is clear that in this case 
also the greater the concentratoin of AsiSj sol the greater 
is the amount of positively chargetl Fe(OH)j (M>lloid 
neeessar)' for coagulation. 

Consequently the coagulation of As,Sj sol by 
barium sulpliate and by positively charged ferric liydrox- 
ide is normal towards the dilution, whilst this sol be- 
haves abnormally towards dilution when coagulated by 
KCl, LiCl etc. 

DISCUSSION (A) 

These results of the coagulation of Prussisui blue 
confirm our preliminary results almidy publi.shed in the 
previous paper of this series. In other words this sol 
Ijehaves abnormally towards dilution and towards a 

mixture of electrolytes. The behaviour of this sol is 

exactly like that of As^S, sol ; just as a dilute sol of 
arsenic sulphide takes more electrolyte of the type KCl, LiCl, 
etc., for coagulation than concentrated .sols, similarly a 

dilute sol of Prussian blue takes more KCl for coagulation 

than a concentrated s(d. Our results do not agree with 

45 
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those obtained by Weiser and Nicholas (loc. cit) who ob- 
served normal behaviour on dilution in the coagulation of 
Pmssian blue. The coagulation of Prussian blue by mix- 
ture of electrolytes also behave exactly in the same way 
as the iH)agulation of arsenious sulphide. Some veiy peculiar 
results have been obtaine<l in the coagulation of Prussian 
blue by mixture of KCl and HCl, and KNO, and HNO,. 
Fiom our experiments we find that the piecipitation values 
are noi additive. In prestincc of HCl the amount of KCl 
necessai-y to (ioagulate Prussijm blue is much less than 
the calculated amount of KCl necessary for coagulation. 
Exactly, similar results have lieen obtained by us in the 
w>agulation of Prussian blue by a mixture of HNO, and 
KNOi. On consulting the liteniture we find that more or 
loss similar results have l>een obtained by Linder and 
Pioton fJour. Chern. soc. 67, 6.3, (1805)] in the coagulation of 
AsiS* sol by mixture of electrolytes. Their re.sults are given 
in the following tables: — 

Table XXV 


Salt A. 

Volume A. 

8 alt B. 

Volume B to 
complete 
coagulation. 

Calculated 
volume 
of B. 

Difference 

NH 4 C 1 

1-90 

HCl 

4'20 



NH4C1 

JJ'OO 

HCl 

2-40 

2‘50 

- 0-10 


1 

HNO, 

4’ 10 



HCl 

1 2'35 

HNO, 

1-97 

1'80 

+ 017 

HCl 

1 

2't;o 

NH 4 CI 

175 

1-85 

-O'H 

1 

1 


K,S 04 

4*40 



HNO3 

2*00 

K,S04 

195 

1 

2-25 

-0‘3( 
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It will be seen that in preseniie of HCl quantities 
of NH 4 CI smaller than the calculated amounts are necessary 
to coagulate the sol. Similarly in pmsencc of HNO* 
smaller quantities of K*S 04 than tlie caliailated amounts 
are required to precipitate the sol, whilst moi'c or less 
additive amounts of HNO* and HCl coagul ate the sol. 

Our results on Prussian blue as well as those of 
Linder and Picton can be explained fiom the following 
considerations : — 

Prussian blue can be hydrolysed according to the equa- 
tion Fe 4 [FeCCN)* 1 , + 1 2H, O^UdFeCOH) , + Fe(CN) « . 
This hydrolysis will be checked by the presence of 
acids. The sol of Pnissian blue will apparently be 
stabilised by its hydrolysi.s, specially due to adsorption of 
Fe(CN) g ion. Now cheeking of the hydrolysis of the sol 
<lue to the piosence of the acids means rendering the sol un- 
stable towards electrolytes. Consequently with small quantities 
of HCl or HNOj the sol would require smaller quantities 
of KCl or KNOs than in the absence of acids. From 
our experience on the phenomenon of hydrolysis of 
subsfeinces like aniline hydrochloride, ui-ea nitrate etc., we 
know that the cheeking of hydrolysis by the addition of an 
acid or base is not directly proportional to the amounts 
of acid or base atlded ; in other i words, the checking of 
hydroly.sis by the addition of a small amount of an acid 
or base is more marked than when larger amounts are 
added to check the hydrolysis. Thus it has been shown 
by Dhar [Zeit. Anorg. Chem. Sff 198, (1924)] that on add- 
ing 13'0358 gi’ams of urea to 125 c.c. N/1.5T6 urea nitrate 
solution) the hydi’oly.sis is checked to an extent of about 
4'6 ^ per gram of urea present, whilst it is checked to an 
extent of only 1‘33 ^ per gram of urea when 63*7416 gi'ams 
of urea are added to the same amount of nitrate solution. 
Consequently when say 0*1 c.c. of HCl is added to a sol of 
Prussian blue, the checking of Hie hydrolysis of a sol will be 
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nioro inarkocl than when 1*70 e.c. of HCl is added to the 
same volume of the sol, when we are considering the 
checking of hydrolysis by a definite amount of HCl; 
in other words in presence of HCl the amount of KCl 
smaller than the calculated quantity will be required to 
coagulate the sol, and this effect will be more marked 
when small quantities of HCl are added. Exactly similar 
explanation is applicable to the results obtained with HNO* 
and KNOj in the coagulation of Prussian blue. Moreover, 
there is the possibility that the activity of H° ion from 
HCl or HNOs is incicased in presence of KCl or KNO,. 

The results of Linder and Pieton (loc. cit) on the 
coagulation of AsjS* by a mixture of an acid and its 
salt can also be similarly explained. It is well known 
that As,Ss sol is hydrolysetl us in the equation 

As,S»+3H,0;:lAs,0,+3H,S and this hydrolysis is 
also checked by the presence of acids. In Ji foi'egoing 
paper (loc. cit) we have proved that this hydrolysis makes 
the sol more stable towards KCl. Consequently by the 
presence of acids like HCl, HNOj etc., smaller quantities 
of KCl, KNOs etc., would be required to coagulate the 
sol of As,Ss. 

In our experiments on the coagulation of Pimssimi 
blue by a miximo of KCl and BaCl* it will be seen that 
the amount of BaCl* necessary for complete coagulation 
goes on increiusing with the increase in the concentration of 
of KCl up to a Umiting value. After tliis limiting value 
is attained if the concentration of KCl is inci-eased, the 
amount of BaCU necessary for complete coagulation goes 
on decreasing. Exactly similar behaviour was observed by 
Linder and Pieton (loa cit) with As,S» sol when 
toagulated by a mixture of KCl and ferCl* and by Weisei 
[Jom-. Phys. Chem. 665, (1921) ; 232, (1924)J 

in the coagulation of the .same sol by KCl and BaCl», 
LiCl and BaCl, etc. 




Opposite to p. 337 
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From these results a very interesting point can be 
drawn out It is well-known tliat keeping the amount 
of adsorbent constant the greater the concentration of 
the electrolyte which will be adsorbed the greater is die 
amount of adsorption. Now sus the concentration of KCl, 
LdCl etc., is increased the amount of adsorption due to 
chemical attraction of Cl ions goes on increasing and 
consequently the sols like AsaS», Sb*Ss and Prussian 
blue become more and more stfible and thus take more 
and more of BaCl*, SrCla etc., for complete coagulation. 
The adsorption of chlorine ions mainly from KCl by 
AsaSj, Prussian blue etc., follows the general exponential 
formula of Freundlich. We have drawn graphs with our 
msults as well as from the results of Linder and Picton. 
In the.so graphs the logarithms of the difference between 
the observed and calculated values is plotted as the 
amounts adsorbed (ordinates) whilst the loganthms of the 
concentotion of KCl is plotted as abscissa?. It will be 

seen from the gi'aphs that they are moie or less 
straight lines. 

In this paper we have been able to establish a 
very important point on the coagulation of sol by 

electrolytes and this will thi'ow a flood of light on the 

coagulation of sols by different electrolytes. It is very 
interesting to observe that positively chargetl ferric 
hydroxide, which behaves normally towards dilution when 
cDagulated by KCl, KBrOj etc. behaves abnormally towards 
dilution when coagulated by FeCU, Al(NOs)» etc. 

Moreover ferric hydroxide is normal when coagulat- 
ed by a mixtiiie KCl and K,S04 whilst it behaves 
abnormally when coagulated by a mixtui'e of Al(NO»)3 
and KsSO*. Also this sol hardly shows any acclimatization 
with KCl, whilst it show.s markedly the phenomenon of 
acclimatization when coagulated by Al(NOj)s. Con- 
sequently our proposition, advanced in the pravious 
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paper, in which it wjxs stated, that abnormal behaviour 
towards dilution £uid towards mixed electrolytes and 
the phenomenon of acclimatization are connected and 
go hand in hand and are mainly due to the adsorption 
of ions carrying the same change as the sol, is highly 
strengthenetl by these researches. 

The coagulation of AsaS* by KCl, LiCl ete., is 
abnormiil towards dilution and we have already indicated 
that this sol is abnormal towaitis a mixture of electrolytes 
and markedly shows the phenomenon of acclimatization. 
But with AgNO, we have proved that the sol behaves 
normally on dilution. Consequently it seems veiy likely 
that even this sol will behave normfdly towards mixture 
of AgNO, and Ba(NO,), or AgNO, and Al(NO,)». 
Moreover this sol will not show the phenomenon oi 
acclimatization with AgNOa, Pb(NO*)s etc. Of enurse 
we do not ignore tlie possibility of the chemical reaction 
between these electrolytes and the sols. 

In a previous paper we have obtained tlie following 
results in the coagulation of Sb,8» sol by Ba(NO»)» and 
Pb(NO,),. 

Table XXVI. 

Strength of antimony sulphide sol (4A)=4 grins, pot. 
antimony tartrate per litre. 

Electrolyte Sol 4 A Sol 2 A Sol A 

Ba(NO*). N/ioo 0’45c.c. 0’5c.c. O’Sc.c. 

Pb(NO,), ^/loo l'2c.c. 0*.Sc.c. 0‘6c.c. 

It will be evident from the above i-esults that the 
precipitation values of Ba(N 03 )i is practically constant 
when Sb,S. sol is diluted, whilst that of Pb(NO,), is 
practically directly proportional to the concentration of 
the sol, in other words more concentrated sols require 
greater quantities of Pb(NO*)i than diluted ones. This 
difference in the behaviour of Ba(NO»)i and Pb(NO»)» 
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is due to the more marked adsorption of Pb ion than 
that of Ba ion by SbaS» sol; in other words the ratio 
of the adsorption of Ba ion to that of NO» ion is 
less than that of Pb ion to NO» ion by Sb,S,. This 
behaviour of Pb (NOj), with SbiSj is more or less allied 
to that of AgNOs towards As, 8$ sol as investigated in 
this paper. Consequently it is very likely that in the 
coagulation of SbaS* by a mixture of electrolytes like 
Pb(NO,)* and Al(N 03 )s more or Ie.ss additive relationship 
should be obtained and no marked acclimatization be 
observed with Sb*Si sol and Pb(N 03 )j. 

Tn a recent paper Freundlich and Wosnessensky [Koll. 
Zeit S3, 222, (1923) ] have observed the coagulation of 
Fe(OH )3 sol obtained (i) by the oxidation of Fe(CO)s by 
H,0, and (ii) l)y hydrolysis of FeCU solution. The 
following results have been obhiined by them. 



Precipitation value 

Precipitation value 

Electrolyte. 

with Fe(OH )3 sol 

with Pe( 0 H )3 sol 


from Fe (CO), 

from FeCl, 

KCi 

5*4 

: 240 

I" 

.5-6 

2 r )0 

BaCl. 

2 

G’4 

280 

AlCl, 

>200 

500 

3 



FeCl* 

>200 1 

>400 

3 


It is very evident from fhe above table that more 
of FeCls etc., are necessary to coagulate a sol of Fe(OH)s 
than an equivalent amount of KCl. This is certainly due 
to the fact that the sol is peptised by the adsorption of 
Fe, A1 ions etc. 

Some more interesting results have been obtaine<l 
by the above authore in their investigation on the coagulation 
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of sol by mixtures like FeCU and KCI, AIO* and KCl, 
U(NO.), and KCI etc. 

From their data it is evident that the sol gets 
stabilised by the adsorption of Fe, Al, I^a ioas etc., and 
consequently more and more of KCI is necessary for com- 
plete coagulation, when the concentration of substances like 
FeClj, AlOlj, La(NO»)3 etc., aio increased. It will be 
evident from the following graphs that the atlsorption of 
Al, Fci and La ions by a sol of Fe(OH), follow the 
general adsorption formula and straight lines are obtained 
when the logarithms of dilfei’ences in the amount of 
KCI necessary for coagulation of the sol are plotted as 
ordinates, and the logarithms of the amounts of FeCU, 
A 1 C 1 » etc., added as abscissje. This results obtained by 
Freundlich and Wosnessensky (loc. cit) corroborate our view 
on the subject and we are strongly of the opinion that 
sol like AsjSs, Sb^Sj, mastic etc., are stabilised by the 
adsorption of the negatively charged ions and show abnor- 
mal behaviour on dilution when coagulated by KCI, 
LiCl etc., and are abnormal towards a mixture of elec- 
troljrtes, and show the phenomenon of acclimatization mark- 
edly. Similarly sols like Fe(OH)s, Cr (OH)» etc., behave 
normally towards dilution, towards mixture of electrolytes 
and do not show the phenomenon of acclimatization when 
coagulated by KCI, KBrO,, KjSO* etc., ; on the other 
hand these veiy sols show abnormal behaviour on dilu- 
tion when coagulated by FeCl„ CrCl„ Al(NO,)» etc., 
and behave abnormally towards mixtures of electrolytes 
like FeCl, and K,804, CrCL and K,S04 etc., and 
show the phenomenon of acclimatization markedly when 
coagulated by FeCU, Al(NO»)» etc. Tb*s is duo 
to the stabilisation of the sol by the adsorption of 
ions carrying the same charge as the sol, and this 
adsorption follows the ordinary exponential formula of 
Freundlich. 
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The coagulations of AsiB* and of Fe(OH )3 liavo been 
effected by BaSO* at various dilution of the sols and it will 
be seen in both these cases, that the greater the concen- 
I ration of the sol, the greater would be the amount of BaBO* 
necessary for coagulation. This is because the quest ion of 
adsorption of ions carrying the same charge as the sol does 
not enter in the coagulation of sols by freshly precipitated 
I»aS 04 . Similarly wo have proved experimentally that 
in the coagulation of As^Ss sol by positively charged 
Fe(OH), sol the greater the concentration of As,Sj, the 
greater is the atnount of Fe(OH )3 necessary for coagulation. 

In a previous pajier [Ghosh and Dhar, Koll. Zeit, (1924)] 
we have shown that when K(!J1 is used as the cojigulating 
agent diluted sols of As,Ss and BbjBj do not cotigulate 
even after the lapse of 16 hours when sufficient electrolytes 
are added to coagulate the (joncxjntrated sols in an hour. 
In the same paper we fvanie to the conclusion that the view 
advanced by Kruyt and Spek [Zeit. Koll. 26 ,% (1919)] 
and Mukerji and Sen [Jour. Chem. See. 461, (1919)] 
that the decreased chance of collision amongst the colloidal 
particles is tin important factor that prevents a weaker 
sol of arsenious sulj)hide from (.oagulating is not (oiroborated 
by experiment. 

From the results obtained in this paper on the cofigulation 
of sols by freshly precipitated BaSO*, where the coagulation 
is more or less of’ a raeclumicsil nature, and is cjuised by 
the collision of colloid particles with the particles of 
barium sulphate, we observed that the amount of BaSO* 
necessary for complete clearing (cotigulation) of a sol decreases 
with the decreasing concentnition of the sol. Similarly from 
our experiments on the coagulation of AsjSj sol by Fe(OH )3 
sol we find that loss the concentration of As^Sj, the less is 
the amount of Fe(OH)i necessary for t;oagulation. 

According to Kruyt and Spek and Mukerji and Sen 
<lilution of a sol of As,Ss leads to its stabilisation due 
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lo the (Iwroasod eluuico. of collision amongst tho colloidal 
pardcles towanls; pi’ocipitants ; if sn(*li is (lie case, then 
more of precipitants like freshly pm*ipilnte<l HaHO*, posi- 
tivol\' charged Fo(()lI )3 etc., w<nild he necessary to coagnl- 
ato a dilute sol of AsjSj than a concent ratcid one, hut as 
a. matter of fact (experimental results show (hat the greater 
tlio (roncentration of As^B-i s<»l the greater is the. amount 
of BaBO+ or Fe(()H)j sol netjessary for coagulation. 
Consocpiently the dilution rule based on the phenomenon 
of adsorption that the greater the coiuentration of a sol 
tho greater is tlu; amount (tf j)re(!ipitaiit necessary for 
coagulation lias a general application. Oui’ results on 
the coagulation of Bh^B, sol in presence of KOH 
show that in genei'al as the concentration of KOH is 
increased greater (piantities of univalent, bivuhait, and 
trivalent electi’olytes are lawssary to (•oagulate tlu'. 
sol. 

It has l>een ob.sei’ved in a imn'ious paper" (Koll. 
Zeit. 1024) that OH ions even in traces exer-t great 
lieptising effect on BbaBj, x\.s,Bi, BnB, etc. Thus b o.c. 
NaOH N/lOtt solution is snfftcienl to coniarrt I gram of 
AsjBs in (tolloidal ('ondition. Bimilar r’c.sults wer'c obtained 
with SbjBs, BnBj etc. It is well-knoivn that OH' 
ions have a gr’oat chemi(;al affinity for tlmse sulphides and 
exert solvent actiorr on them, and hence the sols beconu' 
stable (owar’ds :rll eleitrolytes when KOH is added to 
the sulphide sol. 

From oirr- experiments on the itoagulation of As*Bs 
and SbaBs by electrolytes in presence of non-elec- 
ti'olytes like ethyl alcohol, propyl alcohol, urea and cane 
sugar-, we observe that both the sols become nioi’c stable 
towards all electi’olytes in pi-esence of ethyl and propyl 
alcohols. The stabilising influence of the.se alcohols on 
As,Ss and Bb^Sj sols is more pronounced when the 
above sols are coagulated by hi and trivalent ions than 
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when the sols Mie coagulated with monovalent electrolytes. 
With urea and cane sngai' both the above sols become 
unstable towards all eleetroytes. 

In this connection it will be interesting to iliscus.-' 
the works ol other investigators on the influence of non- 
electrolytcs on the coagulation of sols. Kruyt and Duin 
I Roll. Ghem. Beihefte 5 , 200 (191.4) | have shown that 

Asa^s Itecomos unstable towards uni and trivalent cations and 
becomes stable towards l)i- and quadri-valent cations in pre- 
seiK^e of Jion-elecLrolytes like ethyl, propyl arul iso-amyl 
alcohols Whilst with Fe(OH)i, they have observed 
that the sol l.>ecomes unstable when coagulated by RC^l. 
K,B ()4 ett?., in presence of plienol and iso-amyl alcohol, 
Gold sol is stabilisotl by otlier and iso-amyl alcohol. 
On the other hand, Freundlich and Hona (Bioehem. Zeit. 
181 , 87, (1917)1 have shown that Fe(OH )5 becomes unshv- 
l»le towards KCJl, KBr etc., but not with KjS 04 and 
potassium citrate in presence of urethanes, camphor, amyl- 
alcohol, thymol etc. Tliey liave also shown that such substances 
like thymol, camphor etc., diminish the rate of movement of 
Fo(OH )3 sol in an electric field, and they explain this 
behaviour on the view of adsoiption of the substances 
on the surface of the colloid particles and the diminution 
in dielectric constant. 

Bona and Gyorg (Bioehem. Zeiteeh 106 , l.‘]3, 1920) 
have shown that a suspension of kaolin becomes unstable 
towards electrolytes in presence of sevorid alcohols, chloro- 
form, camphor, thymol etc. 

From the above results it is diflicult to draw any 
definite conclusion with j-egard to the coagulation of sols 
by electrolytes in presence of non-electrolytes. Wc have 
observed that the presence of ideohols makes the sols of 
and As,Ss stable towards electrolytes espiscially 
hi- and trivalent cations, whilst Rrnyl and Duin (loc. ci() 
have observed the stabilising influemio of non-cle(;trolytcs 
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towards the tX)aguiation of AsiSj by bi- and tetmvalent 
ions. Witli gold they have sIioAvn the sol becomes stable 
towards imi and tri-valent ions and unstable towards bi-va- 
lent cations in presence of ether and arnyl alcohol. 

It Avill be intewisting to observe that we have shown 
that in presence of H,S both Sb,Sj and As, S3 sols 
become stable towards uni and tri-valent cations and 
unstable towards bi-valent cations. It is apparent there- 
fore, that the results on the influence of non-electrolyte.s 
on the (oagulation of sol are rather discordant and in- 
suflicient for a satisfactory explanation to be advanced. 

Summary. 

1. lii this paper tnrther evidence has been brought for- 
ward in favour of the view that (1) abnormal behavioui* on 
tlilution ; (3) almormality towards a mixture of eletrolytes ami 
(o) the phenomenon of acclimatization are essentially connected 
and go hand in hand. A dilute sol of Prussian blue takes up 
more KCi than a concentrated one for coagulation. This sol 
does not show additive relationship when coagulated by a 
iiiixtiire of electrolytes of varying valency and it also shows 
the plienomeiKui of acclimatization markedly. In these respects 
this sol behaves exactly like arseuious sulphide sol, 

2. Smaller quantities of KCl or KNO , are required when 
Prussian blue is coagulated in presence of HCl or HNO,. An 
explanation based on the phenomenon of hydrolysis has been 
advanced. 

?), When to Fe(OH}a sol (positive) is coagulated by 
AllNO.J i FeClr; etc., the dilute sol takes up more electrolyte than 
the concentrated one. Moreover this sol behaves abnormally 
when coagulated by a mixture of electrolytes like AKNOa)^ 
and FcCl;, and K»SO.i etc, Fe(OH).> sol shows the 

phenomenon of acclimatization markedly when coagulated by 
aKNOJ, FcQU, etc. 

On the olliei’ hand, this sol is normal towards dilution 
whou coagulated by KCl, KBrO;, etc., and is also normal to- 
wards a mixture of electrolytes like KBrO., and KtC^O^, KCl 
and KaSO^i etc., and does not show the phenomenon of 
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iiccliinatizatioii uppreciably when coaKnlatecl by KBrO,, 
K,C .,04 etc. 

An explanation of these results baseil on the phenomenon 
of the adsorption of ions carrying the same charge as the sol 
has been advanced. 

4. When AsaS., sol is coagulated by AgNO;^, the concen- 
trated sol requires more of AgNOr, than a dilute sol for 
complete coagulation and, chereforc, behaves normally on 
dilution towards AgNO:;. As.>S;, sol behaves abnormally on 
dilution when coagulated by univalent salts like KCl, NaCl etc., 
and the normal behaviour towards AgNO, is explaiiujd from 
the view tliat Ag ions are highly adsorbed by AsaS,. It has 
])C(‘n suggested that certain monovalent organic cations, whicli 
are known to be highly adsorbed will also sliow simila*’ nor- 
mal behaviour with AsaS, sol. 

5. The intluence of several non-electrolytes on the coa- 
gulation of ASv^a and Sb^S, sols has been investigated. It 
is not yet possible to put forward a satisfactory explanation of 
the inHucncc of non-olectrolytes on the coagulation of sols. 




ON THE STABILITY OF COLLOIDAL 
SOLUTIONS. 


Part II. — The stability of colloidal chromium hy- 
droxide and copper ferrocyanide solutions 
in presence of stabilising ions, and the 
coagulation of colloids by mixture of 
electrolytes. 

KSHITISH CHANDRA SEN AND MOOLRA.T MEHKOTHA. 

Cht^miMry Drparlmenl ^ A Ihihahad Vt}irrr^<Uy. 

In tliD first i)ai‘t of tins series of papers,* it has 
been shown that the pre3enc>e of stabilising electrolytes 
in the case of some sols have a inarkcHi effect on the 
coagulation of these colloids by other pre(;ij)itating ions. 
'Phus in the case of colloidsil ferric hydroxide pi-epaml 
by boiling a ferric chloride solution, the addition of free 
h)alrochlori(! acid stabilises the sol (ionsiderably so far as 
coagulation by potassium sulphate is concermsd. 'Phe more 
dialysed and hence the more pure the sol becomes, its 
stability also becomes less, and an undialysed so! requires 
greater amounts of electrolytes for coagulation than a 
dialysed sol. The following experimental I’osults are taken 
from the previous paper. The concentration of the colloid 
was equal in both the cases. 


Icctrolyte 

Dialysed sol 

ITndialysod 

2N KNO., 

iVO c. cm. 

6*1 cm. 

2N BaCI,., 

3*2 c. cm. 

7’2 c. cm. 

N/lOO MgSO, 

0’8 c. cm. 

r6 c. cm. 

N/200 CiSO. 

0*6 c. cm. 

1*8 c. cm. 


'K. C. Sen, Jour. Phys. Chem. 1039, (1924). 



36f3 ALLAHABAD UNTVEK.SITY JOURNAL 

From these results it appeared that the presetwx? of 
some free hydrochloric acid considerably stabilistis a sol 
of ferric hydroxide. 

A few yeai’s ago Neiille' showed that the stability 
of colloidal ferric hydroxide; depends not so much on the 
methotl of preparation of the sol, but mainly on the 

amount of impurity conhiined in the sol. By adding 
successive quantities of hydi-ochloric acid to an well 
dialyseil sol of fenh; hydroxide, and coagulating a fixed 
volume of it with potassium sulphate, he .showed that the 
quantity of electrolyte necessary for coagulation at finest 

increases with the concentration of the added HGl, then 
comes to a maximum and theft actually decreases. This 

shows that the gradual addition of acid cannot stabilise 
a colloid to an infinite extent. In the previous paper we 
have also studied the effect of gradual addition of acetii; 
acid, propionic and benzoic acids to a suspension of 
aluminium hydroxide stabilised by these acids respectively. 
By starting with a freshly precipitated and well-washed 

aluminium hydroxide stabilised into a positively charged 
suspension by means of benzoic acid, it has been shown 
that the stability of these suspensions so far as coagulation 
by KjS 04 is concernetl, roadies a maximum ivith the 
increase in the addition of the acids and then decreases. 
This fact has been explained by the view that the ‘first 
stabilisation is due mainly to the adsorption of H° ions 

from the acid, but gradually with the increase in the 
concentration of the acid, the concentration of the negative 
ion in the solution increases and exerts a coagulating 
effect. Also the adsorption of H° ion by the particles of 
the suspension has been found to reach a maximum, and 
hence owing to the balancing of these factors, a maximum 
in stability soon occurs. These stiidies are interesting 


’M, Neidle. .Four. Amer. Ohem. Soc. S9, 2334, (1917). 
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because the)’^ throw considerable light upon tlie stability 
relations of a colloid, and it was thought desirable to 
have more experimental results of this nature. In this 
paper an account of some experiments have been given. 
The first experiment was done with chromium hydroxide! 
sol. 

EXPERIMENTAL PART. 

Colloidal chromium hydro.xlde was prepared by pep- 
tising chromium hydroxide l\y means of chromium chloride 
solution. The colloid was <lialysed in the cold for about 
six weeks when no trace of chloride could be obtained 
in the external water of the parchment <lialyser. The 

colloid was not acidic, lait on dissolving in nitric acid, it 

still gave a slight precipitate with silver nitrate. This 
much of chloride could not bo rimiovod from the sol by 
dialysis. The concentration of the sol was t"86 gi‘. per litre. 
The method of finding out the coagulation point was as 
follows : — 5 c.c. of the sol was taken in a clean test tube, 

and in another test tube, a known amount of HCl mixed 

with a known amount of the electrolytes whose coagulating 
power was being measured, wms made up to o c. cm. 
with water. These two liquids Avere then rapidly mixed 
together for several times, and then set aside foi- coagula- 
tion to take place. The total volume of the mixture 
was always 10 c. cm. and the usual methods of having 
perfectly clean test tubes were adopted. In the case of 
KCl, the time allowtxl was one hour, but in the case of 
KaSO* and K1C1O4, the point of immediate coagulation 
was observed. This was due to the fact, (hat with KCl 
a little uncertainty to obtain the exact coagulation point, 
was experienced. In coagulation experiments, usually an 
arbitrary time limit is set up as standard, and in a series 
of expiMnients, only the relative values can be obtained. 
In following tables, the results of the precipitation 
are given. The results were in every case reproducible. 
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Table U 


Electrolytes HCl+K, SO 4 


Amount of HCl N/lOO taken 
in c. cm. 

Amount of KaSOi N/lOO 
required for coagulation 
in c. cm. 

O’O 

21 

01 j 

2-9 

0-2 i 

3-0 

0-a ! 

33 

Ol 

35 

o'r> 

3*7 

Table III 

Electrolytes HC1+K,C,0* 

i 

Amount of KaCaO; N/lOO 

Amount of HCl taken in c. cm. j 

added to coagulate 

1 

! 

in c. cm. 

■j 

O'O I 

3 0 

01 

32 

0'2 I 

33 

0‘3 ! 

332 

01 : 

334 

0-5 1 

i 

3*34 


Table IV 

Electrolytes HCl+KCl 


amount of HCl N 

166 

taken in c* cm. 

Amount of KCl 2N 
added to coagulate sol 
in c. cm. 

0*0 1 

2 T) 

1 

3-25 

2 

3-5 
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So fai‘ only tlie efiect of acid on the stability of 
the colloid has been examined. It will be observc*d that 
in all the three aises, the colloid becomes consitlerably 
stable with the gi’adual addition of the acid, but with 
K1SO4 and KiCjO*, the stability gradually reaches a 
maximum. In the following table the effect of the 
mixtiu’es of the electrolytes KiSO* and KjCjO* has 
l)een examined to see whether any one of these electrolyte.s 
exert any appixiciable stabilising action on the chromium 
hydroxide sol. 


Table V 

Electrolytes : — KaSOi+KaCiO^ 


amount ol Ks^O., 

tiikeii in c. cm. 

1 

N : 

Amount of 

ref j Hired to complete ! 

precipitation 

Ditt'erunce. 


Observed. 

Calculated. 1 


0 

ao 



0‘2 


2'70 

005 

04 

2'5.5 

25 

0 05 

()'6 

2-25 

2 ■25 1 

i 

0 

O'S 

2'0 

20 i 

0 

10 


1'75 1 

j 

005 

2'4 

i 

1 0 i 

i ! 

1 

i 

1 



The amount of K^SO* N/tOO requiied to coagulate 
the sol is 2*4 e. cm. The theoretical coagulation values 
given in the above table has been calculated on the 
assumption that 2‘4 c. era. of K»S04 N/lOO is equivalent 
to 3'0 c. cm. of K,C,0« N/100. It will be observed 
that the difleience between the calculated and the observetl 
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values is within the experimental error and hence we can 
take the coagulative powers of tliese two salts as additive. 
This fact has already been noticed by AVeiser^ who 
also finds that a mixtui'e of KCl+K,SO* also gives 
approximately additive relations. Neither of these electro- 
lytes therefore stabilises colloidal chromium hydroxide, and 
this case is different from that studied with acids. 

Experimenta with copjjer Ferrocyanidc sol. 

The coagulation of copper ferrocyanide has been 
studietl by Pappada* and he has shown that the Schulze- 
Hardy law is applicable to this colloid. He, however, did 
not study the stability relations of this colloid in detail. 
It is well-known that colloidal copper ferrocyanide is 
negativel}' charged owing to the adsorption of ferrocyanide 
ions, and it is not possible to free either Prussian blue 
or copper ferrocyanide from adsorbal potassium ferrocyanide. 
In our present investigation, about solution of copper 
chloride was mixed with a little excess of potassium 
ferrocyanide and the precipibite of copper feirocyanide was 
filtered off'. On washing with distilled water several times, 
the excess of potassium ferrocyanide was removed and the 
prccipitiite began to pass through the filter paper as a 
colloid. The first hundred c.c. was rejected and then about 
a litre of the . pure colloid was collected by continual 
washing with distilled water. This colloidal solution was 
then dialysal in a parchment dialyser for a month with 
fiequent changes of the external water. The lesulting sol 
was very stable, but owing to the method of preparation, 
somewhat dilute. Sufficient quantity of the sol was pre- 
paral to complete the whole series of experiments. The 
concentration of the sol was 1*3 grms. per litre. The 
method of determining the coagulation values of the 

'Weiser, Jour. Phys. Oheui. ^8, 23i!, (1924). 

"N. Pappada, Kolloid Zdt. 9, 1.36 (1911). 
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electi’olytes was the same as in the ease of chromium 
hytlroxide, and in every ease the coagulation point was 
determined one hour after mixing the electrolyte witli the 
sol. In the following tables the effect of addition of 
poiassium ferrocyanide on tin? stability of the copper 
feiTocyanide sol is shown. 


3’able VI. 

Electrolytes K*Fe(CN)« + KCl. 



Amount of KCl N/4 retjuirod for 


Amount of 

coagulation. 


Fe(CN),., N/2 



Dilfereiicc. 

taken in c. cm. 



1 



Oliservod. 

Oalcnlatoil. 


0-0 

n; 

' 


o'j ! 

200 

lo4 

0-51 

0‘.> 

2'() 

j;3i 

0-69 

ro 

nr, 

1-03 1 

072 

Vij 

1-4 

0745 i 

O'O.'i.o 

20 

0'9o 

0-4t: 

0'49 

2'8 

()•() 


— 


Table VTl. 

Electrolytes K,Fe(CN), +BaCl, 


1 

1 

! 

Amount of HaCU N/5(K» for co- 


Amount ol‘ K > 

adulation. 


Fe (CN),. N/2 ^ 



Dilference. 

. . i 




tLlKClIt ■ 




■ 

Observed, 

Calculatetl. 


00 ! 

t'9 



0‘3 


l'6'.i 

0‘51 

(r.5 


1 'at; 

0’94 

0-8 

* 2 ‘s 

F36 

|•44 

2'0 

.•TO 

0'2-t 

1*80 

O’O 

2 ", 

0-41 

22 

2’8 

0*0 
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Potassium feiTocyanide itself coagulates the sol at a 
eoncentmtion of 2 '8 c. cm. These results therefore show 
that with the gradual addition of the potassium ferrocyanide, 
the stability at first iucrciises aiitl then reaching a maximum, 
decieases. In the following Uibles, the results with potassium 
chloride, hydrochloric acid and caustic potash are given. 


Table VIH. 
Electrolytes KCl+BaOl, 
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Table X. 


Electrolytes KOH+BaCla 


Amount of KOH 
taken in c. cm. 


N 

ido 


Amount of Ba01.j N/500 




0*0 

1*9 

0*2 

2*05 

0*4 

2*1 

0*6 

2*05 

0*8 

1*9 

1*0 

1*85 


It will appear from those results that the addition 
of KOI does not stabilise the colloid towards Bad*. (In 
the other hand far less quantities of BaCl* ai’e required to 
complete the cofigulation of the sol in presence of KCl 
than in its absence. Several experiments weiu tried with 
AUCSO^)* as the precipitating electrolyte in presena; of 
KCl, and similar I'esults were obtained. The addition of 
HCl also does not stabilise the colloid, and its behaviour 
is exactly analogous to that of KCl. Caustic potash 
stabilises the sol to a certain extent, but the stability 
soon reaches a maximum and then decreases. Tlie 
stabilisation is undoubtedly due to the presence of OH' 
ions which stabilises the negatively charged suspension of 
copper ferrocyanide. 


THEORETICAL PART. 

Within the last few year.s, a number of investigations 
have been published dealing with the stability of colloidal 
solutions. The effect of concentration of the colloid on 
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itj? tx»agulation by electrolytes,* the charge reversal of colloids 
by means ot suitable ions,’ the peptisation of metallic 
hydroxides and salts in presence of non-electrolytes and 
amphoteric*, electrolytes® and the effect of the ion having 
the same charge as the colloidal particles themselves 
possess,* — all of these facts have been studied more or less, 
and some interesting observations have been made. It has 
been found, for example, that usually dilution of a sol 
makes it le.ss stsible towards electj'olytcs irrespective of 
the valency of the precipitating ion. This is true of 
colloidal terra; hydroxide, aluminium hydroxide, chromium 
hydroxide, stannic hydroxide, Prussian l>lne etc. Several 
exceptions have also been noticed, namely, in the case 
of arsenious sulphide and antimony sulpliide sols, dilution 
generally makes the sol more stable towards some uni- 
valent precipitating ions. In a pre^nous paper® an 
explanation of this exceptional behaviour was offered 
by assuming that the anomaly is mainly due to the effect 
of tlie ion charged oppositely to that of the pi'ecipitating 

‘ V'. Burton and Bishop, .Jonr. Bhys. Chom. 34, 701, (1920). 

K. Burton and 15. t) .Maclnnes, fhid 35, a 17. (1921). .1. Mukherjee. 

.J, Amor. Ohem. Hoc. ->’7, 2024. (19ir)) ; .). ^(ukhe^.ioo and N. Sen, 
.1. Ohem. Soc. / ?•>, 462. (1919): I I T, 1^50, (1920.) H. Weiser and 
H. 0. Nicholas, .Jour. Phya. Chem. 35. 742. (1921). K. 0. Sen, 

P. B. Ganguly and N. K. Dhar, lOid, 28, (1924). K. C. Son. 

and N. it. Dhar. Kolloid Zeit, 84, 262, (1924). 

“ N. R. Dhar and K. C. Sen, .lour. Phys. Chem 27, 376, 
(1923). N. R. Dhar. K. G. Sen and S. Ghosh, Ibid 38, 457, 
(1924) ; .1. Mukherjee and B. 0. Roy. Jour. Chem. Soc. 135, 476, 
(1924). 

^ K. C. Sea and N. R. Dhar. Kolloid Zeit. 27, 83, 193, (1923). 

* K. C. Sen and N. It. Dhar, Ibid. 84, 262, (1924). 
J. Mukherjee and S. G. Choudhuri, .lour. Cliem, Soc. 125. 794 
(1924). 

’Kolloid Zeit. 34, 262 (1924) 
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ion. The ion carrying tlie same charge as tlie sol tends 
to peptisc the sol and makes it more stable. This effect 
will be more marked in the case of univalent salts whei*e 
the precipitation value is usually veiy high, and consequently 
the concentration of the ion charged oppositely to the 
precipitating ion is great. In the case of salts containing 
bivalent or trivalent precipitating ions, this effect will be 
less prominent as the precipitation value is loss and 
frequently the stabilising ion has a. viilency less than that 
of the precipitating ion. Support to tins view was also 
obtainefl from the experimental results on the influence of 
ions carrying the same charge as that on the sol on its 
coagulation by electrolytes. From the experimental results 
ciUrd in the previous paper, it was observed that greater 
the valency of the negative ion, tbo greater is the stabilis- 
ing effect on a negatively charged sol of arsenious sulphide. 
The preeipitotion values of ilifferent potassium salts accord- 
ing to Schulze, are in the order, Fc(CN)s"'"> S04'''> C, 
>tartrate^^ > NO3 ^ > CV > CIO3 ' > Br,' beginning ivith 

the greatest precipitation value. If however’ a bivalent ion 
1)0 chosen us the coagulating ion, the precipitation values 
do not differ much. It has already been shown that in 
the case of monovalent potassium, the differena; in tire 
precipitation values of the foregoiirg salts comes to about 
20 per cent, from the average, whereas if cidcium be taken 
as the precipitating ion, the difference comes out to be 
about one per cent, from the average. With trivalent 
aluminium as the coagulating ion, the difference in the 
precipitation values of the sulphate, nitrate, and the 
chloride is only slight. The effect of dilutioir of chromium 
hydroxide sol on its coagulation by electrolytes has 
already Ireen examined by H. Weiser fuid H. O. Nicholas 
(loc cit). In the following table the effect of dilution of 
copjier ferrocyanide sol on its stability in presence of 

electrolytes is given. 

48 
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Table XI. 


KleotrolyU\ : 

KCl N/4. 

k^imcn),. 

N/2. 

BaCl., 

N/.500. 

Al.tSOj, 

N/800. 

Original sol 

1Y> c.c. 

2-8 

1-9 

nrj 

4/5 diluted sol * • • 

2-0 



()’9o 

1/2 diluted sol 

2 '2 

;n 

21 

0'8.5 

1/4 diluted sol ... 


4'2 

2 '4.') 



From the above table it will be observed that more 
KCl and K*Fe (CN), are reciiiired foi‘ the dilute sol than 
tor the eonctmtrated sol. l^his result seems peculiar for 
IJ. Weiser and II. O. Nicholas (lo(^ (^t) have shown that 
colloidal Prussian blue follows the general rule that greater 
the concentration of the sol greater the quantity of elec- 
trolyte necessary for its coagulation. The case of colloidal 
copper ferrocyanide seems therefore to be ansdogoiis to that 
of arsenious and jintimony sulphide sols. 'Hie case of 
barium chloride where a.lso more of the electi’olyte is 
necessary for the coagulation of the diluted sol seems 
anomalous, though it is by no means uiiique. fee\eral eases 
arc known in the literature whore bivalent precipitating 
ions require m(jre of the salt to coagulate a ililuted sol 
than the original sol. Thus in a previous paper, we have 
found the following resulls. 


Table XU. 


Sol. j JbUecti’olyto. i Original sol. 

i i 

1/2 diluted. 

1/4 diluted. 

Fc(OH), iidgSO., N/200| 0’65 c.c. 

0-6 

0-8 

SIuS:, dtalNO:,). ; 0-4a 

05 

O'.'i 

1 N/lOO 1 

. . 



^ K. C. Sen, P. B. Ganguly and N. R. Dhar, (loc cit). 
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Similar i-esiilts liave also been found by E. Burton and 
Bishop (loc. cit) with arsenic sulphide sol and magnesium 
(fhloride, where the amounts of the oletitrolyte recjuired to 
coagulate the same volume of the sol of concentration 
one and l/8th of the original were respectively i)’8 and 
1)'8 c. cm. A similar thing has also been found by 
H. I). Murray' with mastic sol, whose results will be 
given later on. These cases are, however, not general and 
form excicptions to the rule already stated, that the greatei- 
the concentration of the sol the greater is the amount 
of electrolyte necessary for its coagulation, irrespective of 
the valency of the precipitating ion. 

In recent years the coagulation of colloids by mixed 
electrolytes has leceived miKili attention. I’he importance 
of these studies immediately reveals itself when wx* con- 
sider that (olloids are usually stahilised by the preferential 
adsorption of one ion, and hence in all coagulation ex- 
periments, where an electrolyte is added to a sol, the 
effect which is ol).sei'ved is really the joint effect of the 
adsorbed ion, and the ions of the adtled electrolyte. Coagu- 
lation experiments with mixtures of electi’olytes theixfore 
give us a, clu(! as to the sour(t<j of stability of the (jolloid, 
as well as, the effect of individual ions in presence of 
others. The experiments which have already been given 
are ixally a study of the co.'igidative powers of mixture 
of electrolytes, and heruie these results will l)o discussed 
from the point of view of mixed electrolytes. 

'Fhe first experiment with mixtures of electrolytes 
on an inorganic colloid seems to be that, of Linder and 
Picton* who showetl that with colloidal arsenious sulphide 
and a mixture of KCI and SrCU, the precipitation 
vjilue of the mixed electrolytes was not the algebraic; sum 

'H. D. Murray, Phil. Mag. p, 401, August, (1922.) 

*Liader and Pieton, Jour. Ohem. Sec. 57 , R7, (1895.) 
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of the precipitation values of each stjparately, l)ut consi- 
derably gresiter (juantity of strontium chloride was neces- 
sary when KCl was already present in the arsenions 
sulphide sol. With increase in the addition of KCl, the 
amount of SrCU gradually reached a niaxiimnn, and then 
berame less. 

The following table gives the results obtainwl by 
Ijinder and Picton. 


Table XIII. 



o.c. of SiCli 

to coQipletc 


c. cm. of KCl. 


Diiference. 


Detormined. 

CHlculatcnJ. 


0*0 

4*4 



O'J 

4*9 

4*2 

0*7 

0‘6 

r/4 

4*0 

1*4 

0*9 

5*5 

3*8 

1*7 

1*2 ; 

5*55 

3*6 

1*95 

1*5 

5*7 

3*4 

23 

1*8 1 

.5*9 

32 

27 

21 

6*0 

3*0 

30 

2*4 

5*7 

2*8 

2'9 

2*7 

5*65 

2*6 

3*05 

3*0 

5*3 

2*4 

2!) 

3*3 

5*1 

2*2 ! 

2*9 

6*6 

0*0 

i 

1 


It will be observed that these re.sult.s are exactly 
similai’ to that given in tabk^ VII with potassium 
feiTocyanide and barium chloride on copper feiTOcyanide 
sol. Lindo!’ and Picton also made some experiments with 
mixtures of salts containing bivalent precipitating ions 
and showed that in this case no stabilisation of the sol 
occurs and the precipitation values aic approximately the 
sum of that of each electrolyte. H. Wei.ser* studied 
the precipitation values of several mixtums of electrolytes 
such as KC1+K,C,0* find K*S 04 +K,C ,04 on a 
sol of positively charged ferric hydroxide and pairs of 

’H. Weiser, Jour. Phys. Chem. 25 . 665, (1921). 
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such salts as KCl+SiOi and BaCI* +Bi’Cli on a 
negatively chargi'd sol of arsenions sulphide. His results 
show that with AsiSj sol, the results of lauder and 
Picton ai’e quite correct, that is, more of SrCl* is 
necessary to coagulate a fixed amount of As, 8s sol 
in presence of KCl than when it is absent. On making 
ad.sorption experiments, it was found that the presence 
of potassium ion markedly decreaseil the adsorption of Ea"" 
ion, and Weiser explained the stability of As,Ss sols 
in presence of KCl as <lue to the cutting down of the 
adsorption of the coagulating Ba°° ions. With the mixture 
SiOU+BaCl,, where both the precipitating ions are bivalent, 
the preciipitation values showed an additive ndation and in this 
also Linder and Picton’s result was corroborated. In the case 
of ferric hydroxide colloid, no stabilisation was observed 
in any case and along with it, the presence of KCl did 
not aflect the amount of adsorption of oxalate ion. A 
yeai' later H. Freundlich and P. Scholz^ published an 
investigation in which they studied the effect of mixture 
of electrolytes on Oden’s sulphur sol, von Weiraarn’s* 
sulphur sol, Donau’s* gold sol and an arsenious sulphidi; 
sol. The authors confirmed the results of Od^n, to tlu; 
effect that the coagulating properties of a salt are dimi- 
nished or destroyed by the presence of a second salt, but 
in contradistinction to Oden, they also found that, the reduc- 
tion is not due to the diminution of cation aiition by the 
anion but rather to an antagonism between the cations. 
The antagonistic action was uieasured by mixing Oden’s 
sulphur sol with a quantity of an electrolyte insufficient 
to cause flocculation and then determining tlie quantity of 
a second electrolyte necessary to effect this change. The 

'H. Freundlich and P. Scholz, Kolloid Cliem. Keihefte, 
16 , 267,’ (1922). 

“P. Weimarn. Kolloid, Zeit. 8 , 214, (1911). 

"Donau. Monatah, 26 , 525, (1905). 
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ion pairs inagnosiuni +litliium and magnesium + hydrogen 
sliowed strong antagonistic effect. The anions had also an 
inllnence in the diminution of the coagulation value in the 
order citrate sulphate > chloride. Definitely hydrophobic sols, 
siu^h as Weimarn’s sulphur sol and Donau’s gold sol, did 
not exhibit the antag()nistic phenomenon. In these cases 
tlie eoiigulation values of sols containing electrolytes were 
always less than those of the pure sols; that is the action 
of the two electrolytes was additive, Freundlich and 
Scliolz Itelieved that the behaviour of Oden’s sulphur sol 
was probably to be connected with its distinct hydrophilic 
oharactei-; that is with the hydration of the micelhe. In 
the case of arsenic sulphide sol, a certain antagonism 
was observed for salts such as lithiixin chloride and 
magnesium chloride, and hence this sol has iilso been 
considered by these authors to be hydrophilic. 

In a re(;ent paper H. Weiser‘ has again studied 
the precipitation of hydrous chromium oxide, stannic 
oxide and arsenious sulphide sol l)y various mixtures of 

electrolytes, and has come to the (jonclusion that the 

explanation of Freundlich and Scholz is untenable. 
Several well-known hydrophilic sols such as hydrous 

ferric oxide, chromium oxide, stannic oxide etc,, show no 
antagonistic effetd wlien they are (!()Jigulated by pairs of 

different electrolytes. On the other hand a strong antagonis- 
tic action is observed when AsjSj sol is coagulated by 
such pairs as HCl+MgOla, LiCl+BaCl, and LiCl+MgCl,. 
Weisei- therefore considers that hydration of a sol is not 
an important factor in producing such phenomena, and 
it is more possible that the antagonistic action is due to 
the effect of one cation upon the adsorption of the other 
by the colloid particles. This view is supported by the 
fact that the adsorption of Ba®® ion by As,Ss sol is 


'Weiser, Jonr. Phyg. Chcm. S8, 232 (1924). 
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decreased to a marked extent by the presence of Li° ion 
below tlie precipitation concentration of the chlorides of 
the metals. The adsorption of Li” ion is also influenced 
by the presence of Ba®” ion. This cationic antagonism 
according to Weiser, is the imporbint factor in raising the 
precipitation (ioncentration of certain mixtures above the 
additive values. 

The importance of this subject of coagulation of 
colloids by mixture of electrolytes has also l)een perceived 
in some biological studies, and H. Fieundlidj and P. 

►Scholz have cited the works of Neuschloss on lecithin sol, 
J. Loeb and S. Lillie. Sjoecially interesting in this connection 
is the coagulation of egg wliite by mixture of salts. Conti- 
nuing the investigation of Schafer, W^o. Pauli ^ observed 
the effect of mixtures <)f two salts and found that the 
coagulating action of salts u])on proteins is additive, 
that is, the piecipitating power of the mixture is the 
algebraic sum of the separate etfects exerted by its 

components except when the two salts have a ijommon 
ion and so diminish eacli other’s degree of dissociation. 

Later on he foumi that a number of salts whicli will not 
coagulate egg-white by themselv'cs will do so or will 

increase the coagulating power of other salts when mixed 
with them, wliile others markedly diminisli the coagulating 
power of salts which in their absence, readily coagulate 

egg albumin. These experiments are therefore in line 

with those already given in the present paper. 

About ten years .igo, R. Bender® published an 
interesting paper which has not however received much 
attention, on the coagulation of mastic sol by mixture of 
two salts. In most cases he used HCl as one of the 

electrolytes and his results shoAv that, in general, the 

'Wo. PhuU, Bictr. Z. Clioiii. Plij'siol mid Patbol 3 , 

22r> (190:V). 

“R. Bender, Kolloid. Zeit, lit, 23.5 (1914). 
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substitution of an equimolar quantity of a metallic ion 
wiuses no appreciable change in the cosigulating power 
of the acid. Tliis relationship holds only in the case of 
mono and bivalent meuds. In the wise of tervalent metal 
ions a slight stabilisation of the sol is observed- In the 
following table the eftect of HCl on the stability of the 
mastu; sol in presence of the coagulating agent AL, 
(SO4), is given. 


Table XIV. 


HCl added mol x lO ^ 

AlASO..), molxlO”"^ 
required to coagulate. 

00 

0 184 

0’34 

0184 

0'91 

0-4.')5 

r-so 

0'45r) 

2 '80 

0'4.'>.5 

.3'60 

0276 

6 '30 

00 


It will be observed that a mixture of AU(S04)3 
+ HC 1 does not show any additive relation with regard 
to their precipitation values on mastic sol. This behaviour 
is not, however, noticed when NaCl is substituted for 
HCl. Also pairs of electrolytes like MgSO^+HCl, 
BaCU+HCl, LiCl+HCl, Ce(N63)3+HCl, CklSO^+HCI 
do not show any antagonistic effect but a mixture of 
AuClj+HCl, and HgCl,+HCl show this behaviour. 
Since colloidal mastic is usually negatively charged, it Wiis 
expected that in presence of OH' ions the stability would 
be Increased. This was found to be ti*ue by R. Bender 
who observed that in presence of NaOH and Ba(OH)j 
more of NaCl was required to coagulate the colloid. A 
similar effect wfis observal in the cfise of the pair of 
electrolytes KCN-f NaCl where the stabihsation is undoubt- 
edly due to the OH ions set free by the hydrolysis of 
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llie KCN, In the fnllowui" table, the (ifleet of dilution of 
the inustic soP on its coagulation by electrolytes is given. 

'Fable XV. 


Cone ol‘ sol. 

t 

[ 

667 % 

53"} % 

367 

Cjoagnlciut NiiCl inilli mole | 
jier litre. ! 

ir>o 

490 

(■.90 

1 

(SiagnJunt HaOl m i Hi i 
mole per litre. j 


1 ;r.) 

10- 1 

(.V)agnlant ) 1 luilli j 

mole per litre. i 

1 

i '27 

'17:> 

j 


It will bc! observed from this table that the t^Hect 
of dilution of the mastic sol on its coagnliition by electrolytes 
is v{iry similar to that of copper lerrocyanide sol. t^inte 
the negatively charged copper (en’oeyanide sol is also allied 
to arseniou.s sulphide sol in many respec'ts, it will Ite 
int(;resting here to compare the otl'cct of mixtures of 
electrolytes on these sols. 'Fhe results olhained by us 
as well as by others arc; shown graphically in figures I 
and II. 

In the curves, the abscissa represents the amount of 
the stabilising electrolyh; su<;h as K 4 Ft>(CN)„ etc. adde«l 
in c.c. The ordinate re])resents (he amount of the coagulal- 
iug electrolyte. 

In Fig. I, the results ul Weiscr art; sliuwn. Nos. I. 
II, tind .III respectively gives the lesidts of th<; mixtures 
l-ICH- MgCl , , LiCl+ MgCl , and Li( il+ Bad , . 

In Fig. 11, the results obtained in this paper are 
shown. Nos. I, IJ and III respectively show the curves 
of KOH+BaCl,, K4 Fc(CN%+K(^ 1 and K 4 lA.-(CN)« + 
BaCl,. 

'll. D. Mniray, I’hit. Ma,4‘. p. lOJ, Angiist. (l'.<3.? ) 
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It will be observed from the figures, that the natun! 
of the curves is in all cases very similar, and this denotes 
that the nature of the action exerted by the different 
stabilising agents is probabl.y the same. Thus the action 
of K4Fe(CN)« in stabilising a sol of copper fen-ocyanide 
appears to be of the same nature as the action of KCI 
or HC'l on arsenious sulphide sol. Now it is well-known 
that the stabilising action of K4Fe(CN)6 is due to the 
groat adsorption of the ferrocyanide ion by copper fen'oey- 
anide, for J. Duclaux’ has shown that when copper 
fexj'ocyuriido is precipitated, a great deal of potassiinn 
ferrocyanide is also taken up, and it is practically impos- 
sible to free copper ferrocyanide from adsorbed potassium 
fcjrucyanide. Another interesting fact in this connection 
is that the amount of K4Fe(CN),i required to coxigulate 
a fixerl amount of copper ferrocyanide sol is much greater 
than that of KCI, the actual results being K+FeCCN)* 
N /2 2*8 c. cm. and KCI N /4 Vn c. cm. The coagulat- 
ing ion in botl) cases being potassium, these results 
show the enormous difference in stal)ili.sation which has 
been brought about by the introduction of tlie <|uudri- 
valent Fe(CN)«''" ion in place of the monovalent CT ion. 
This stabilisation in presence of mixture of salts cannot 
be explained on the basis that the addition of 
Fe(CN)« decrease.s the tlissociation of KCI, fox* though the 
dissociation of KCI mxiy bo tlecrea.sed, the amount of the 
coagulating ion potassium actually inxa’cases veiy xnuch on 
tlio addition of K4F0 (CN)«. Again a mixture oi K4 
Fe(CN)« and BaCl, shows .similar stabilisation and hero 
no decrease in the di.ssocixition of BaCI, can take place, 
there btung no common ion in the addeil electrolyte. 
'Flic stabilisation, therefoxv, is undoubtedly due to the 
feiTocyatude ion. yirailar results happen in the cxisc of 


J. DhcIhvxx, .Jour. Chiui. I'liys. 7 , (1909). 
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iilkall. In table X, tlm experiuiental results witli the niixtnr(‘ 
ICOH+BaClj has l)cen given, ft will he observed thal 
the [)resence of OH^ ions stabilises the negatively chai’ged 
sol of (Hjpper forroeyanidc to a. (xjrlain extent. It has already 
been stated that a mastic sol is also stabilised in pr{?sonce 
of OH' ion. J. Mukherjee and N. Hen (loc;. eit) have shown 
that fiolloidal solutions of euprie, mereurie and arseni- 
ous snlpliides are stabilised by solutions of potassium and 
s(»dium sulphides. This stidulising inlluenc'e has been found 
for ammojiium, potassium, l)arium, ami strontium chlorides 
and aluminium sul])hate. With a trace of pure alkali, 
sols ridi in sulphidi* are prepar(*d aiul the OH' ions largely 
increits(^ tlu* stabilily of these <M)lloids. It is eletir ih(s-efor<,' 
that in these cases, the negative ion is the real stabiliser, 
and the so-calknl antagonistic; eftect is retilly due to the 
negative ions of the electrolytes. As a matter of fat;t, 
there cannot be any cationic antagonistic; ac;tion whem the 
mixture K4Fc(0N)« 4 -K( 'l is used for coagulation, since 
l>oth elec'.trolytes <;ontain the same cation, and hence in 
these ctases it must be recognised that the antagonistic 
effect has lieen mainly due to the* anion of potassium 
ferrocyanido. 

Hince tlie precipitation value of an electrolyte for a 

C'olloid is that cioncentration which results in sufficient 
adsorption of the pixicipitating ion to neutralise the com- 

hined adsorption of the on'ginal stabilising ion, and the stabilis- 
ing ion added with the electrolyte, it is evident that any ion 
present in the sedution, which can either decrease the adsorj)- 
lion of the coagulating ion, or, by being itself adsorbed 
b)' the colloid particles increases the ciharge and hence 

the stability of the c;olloid, will act as a stabiliser of the 
sol towards that partic;ular cioagidating ion. It is probable 
that anions act in the latter way on negatively charged 

sols, and H°. ions also do the same thing on positively 
<‘harged sols. There is therefore practically no difference 
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ill (lie iijituro ol llie sl:il>ilisin/; jiclion ox'riIchI hy acids 
on iron, oliromiinn and alninininin liydroxidi; sols and 
potassium t'crrocyanidc, caustic alkali ek-., on negatively 
charged sols, tf lunvevi'r llio )>resence ot a cation can 
decrease the adsorption ol' another (^oag^llating cation, then 
also tire sol may be stabilised. In this case the antagonistic 
eftkit will be ically i-ationit^ In no «‘ast^ however, has 
it boon dellnitely [irovcd fhal I he antagonistic action 
i.s only cationic, 'Phns with I he mix tiu'e I jiCI-f- BaCli, 
and AsjBj .sol. il has bi'Cn shows by Weisi'r (loe, cit.) 
(hat the amouni ot adsorption ol either of the ions Li“ 
or Ba'"’ is d(*creased in the pri.'simce of each other. But 
this does not nocessai’ily moan that the sol becomes stable 
towards Ba."" ions on (be adilitiou o! lii'’ ions. Though 
the adsorption or each is separately diminisluKl, the total 
adsorption ot liotli (be ions may be e(]nivalent to the 
adsorption of cither Li" oi' Ba."” when only one is present. 
8inc<' the coagulation of th(‘ colloid depends primarily 

upon tlui charge neutralisation of the colloid, equivalent 

amounts of Li" or Ba"" ions will be necessary to discharge 
tlu* colloid parlii'les. Hence wlii.m the sum total ot the 
adsorjition of la" and Ba"" ions separately expressed in 

electrochemical equivalents reaidies a certain limit, the colloid 
will he coagulated iri’e.s^x’ctivii of wliether the original point 
of adsorption of Ba"" ion when it was present alone to 

(-oagiilate llu* sol, has boon reached or not. In ortler to 

support this explanation of tlu’ antagonistic action belwecm 
the ions Ia° and Ba"", it will have to be shown that 

tliough one of these ions is not adsorlied appreciably 
simply by its presence, the adsorption of the other ion 

is diminished considerably. Also along with this fact it 
must be observed that liy tlu? addition of LiCl to 
BaCl, solution, the degrees of ionisation of both the 

electrolytes is thrown back and the concentration of CL ions is 
proportionately increased. The increase in the concentration 



ON 'I'HE SI’AHirJTY OF COLI/WDAL SOLUTION 389 

ol tlio Cl' ions will mean a stulnlisiitioii of the colloid 
and lien (!0 llie autagonistie efibet whicli is observed will be 
the sum of the cationic and anionic effects. 'Phis seems 
also to be the case with such mixtures as HCl+MgCl,, 
KCl+HrCU and fdCl+MgC’U. 

It has already been stated that the continual addition 
of the stabilising agent does not stabilise the colloul to 
an infinite extent. This is evident from all the curves 
giv'cn in this |)aper , where stabilisation is found to reach 

a maximum soon. 'Phis is duo to the fact that the posi- 
five ion of <lie stabilising .agent in llie case of uegafive 
sols, begins to oxeit a. coagulating efix^ct at higher (^on* 
(enti-ations of the stabilising electrolyte. 'Phis view is 
extremely well supportc'd by a recently published investi- 
gation on the adsorption of electrolytes by colloidal (jopper 

feiTocyanide. It has been found by M. Franlcert mid 

J. A. AVilkinson' (hat with pure copper ferro(\yanid(! 
different potassium salts show a. gradual change liom 
developing a small amount of acidity with the chloride 

to large amounts of alkalinity with the torrocyanide. 
When the ferroxiyanide concentration is gradually increased, 
th(! alkalinity wdiich is tleveloped first, gradually changes 
to acid. On the princiiile of selectivi^ adsorption, the ex- 
planation of tliis phenomenon is that the ferrocyanide ion 
is strongly adsorbed and the ix'sulting soliUion thus be- 
comes alkaline. In a particular case, w'orking with 2 gr. 
of (*oppor ferrocyanide and 2N Fe(CN)ti solution, the 
total alkalinity developed was equivalent to 200 v. can. of 
°01 N KOH solution. With the ferricyanide solution also, 
a similai' behaviour is observed. The solution is first 
alkaline due to tlie adsoiption of Fe(0N)6'^' ions, lemming 
an equivalent amount of KOH in solution. Soon, liowever, 
the K ion bexjomes effective and cuts down the alkalinity 

'M- Fvankprt uiul -J. A, Wilkinson, Joitr. Pliys. Chern.. 3fl, 
651 , ( 1924 ). 
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duo lu llu^ Fo(( 'X)"\- and finally ovoix'oiuos it ontiroly 
and tho solution turns acid, 'riio experimental (uuve is 
therei'ore the resultant or the difference between the two 
because (uu' of them t(mds to develop acid atid tlu^ other 
base, 'riiis sliows that each ion has its own adsorption 

curve and when sev<‘ral i»»ns are })resent in the solution, 

the experimental curve will bo the resultant of all tlu' 
separate curves. 

In the l'orea,'oi iig pag<*s, it has been shown that the 
antagonistic effect betwecMi pairs of salts, or the stahilisa- 
lion ol till* sol by moans of an electrolyte, is in the 
m.'riority of cases, due to the influence of lla; ion (*arry- 
ing the samf! (*harg(! as the colloid pavtieltss possess. It 
lias also lieon shown that the stabilisation of sonu* sols 
on dilution towards some univalent electrolytes may also 
he explained on the .issumption, that the stabilisation is 

due t(» the Jidsorption of the ion ebarged oppositely to 
the prcH'ipitatiiig ion. These phenomena seem therefore 
to be ixihited to each other. It is also very probabhv, 

as B. (ihosh and N^. ll, Dhar (unpublished work) suggest, 
that the phenomenon of so-cnillcd “ Jicelimatkation of 
colloids iiiay be brought in line with these two cases. 
Bince in the phenomenon of acclimatization )nore electrolyte 
is neci'ssaiy to eoaguhib" ;i colloid wlien it is added 
slowly than when it is added rapidly, it is probable that 
below th(' precipitation value of the clocftrolyte, compara- 
tively more of the ion having the same charge as that 
of the f'olloid particles may be adsorbed, and thus the 
stability oj' the suspension Jiiay be proportionately increased. 
'Phis has also been supposed l>y H, Wtaser wdio has shown 
that below tiu' precipitation value of KCl on As,SjSol 
proportiontitely more of Cl' ioii may be adsorbed by the 
colloid. This fact may partly e.xphiin the “acclimatization,’’ 
shown )>y AsjBjSol. Biinilar plienomena are also shown 
by colloidal platinum and albumin. A similar behaviour 
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is also observed in the toxin-anti-toxin veacdon which is 
known as the Danj's/ (effect.* When a diphtheria toxin 
is treated witli its anti-toxin, the i-ednction in toxicitv 
<lepend,s on the manner in which it is added, ®.e., an 
amount of anti-toxin whiclr is exactly sufficient to 
neutralise a given amount of toxin when added all 
at on(;e, is not nearly sufficient to neutralise the same 
amount of toxin when added little by little with moderate 
intervals between each addidon. The longer the 
intervals, the greater is the insufficiemjy. '.riie analogy 
Itetween the Dany.sz effect and tlie acclimittisatiou pheno- 
menon sc'oms to be very close, for it is probable that in 
the CAist! of diphtheria toxin and and-toxin, inatjtivation 
is due to electric charge neutralisation. Thus Field and 
'I'eague found that diphtheria toxin and anti-toxin migrate 
distinctly in an electrii^ field. Bechhold also fouml thiit 
<liphtheria U>xin was slightly wc^-ikened at the anode, while 
the anti-toxin migrated to the <athod«,‘. It seems theixifon* 
that the stabili.sation of a. colloid in presence of an electrolyte, 
the stabilisation of a sol on dilution towards some monovaleni 
electrolytes and the so-called acclimatization of .sols, may 
be all explained by the .s:ime theory, and in all these 
eases, the importance of the ion having the same (iharge 
as that of tlu^ colloid particle.s, will, in all probability, 
have to be xecognised as one of the primary factors. 

Summary. 

(1) An expcrimeiital study ha.s Isjcu made ot Llio cuayuJatiu!; 
|)owtr.s of ditl’oront electrolytes uu a sol of chromium hydroxide 
and copper ferrocyaiiide in presence of stalnlising ions. 

(2) It lias been sliown that with gradual addition of 1101, 
llie stability of colloidal chromium o.xiile towards K^SOj and 
Kst.’aO.;, gradually increases and tlicn reaches a maximiim. 
No stabilisation is however observed wlnm I lie mixlure 
K s 30 4 + K a 0 0 is used. 

'Oompare 'J’aylor, eolloid chemistry, (IbJ.a), for these biological 


cases. 
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(3) With KaMCN).. hikJ IvCl or BaCl,, thi‘ stability 
of colloidal copper ferrocyanide also gradually increases and on 
reaching a niaxiinniii, decreases. The same bohavionr is also 
observed when a mixture of KO 11 + BaCl^ is used Witli mixtures 
such as IvCl+BaCl... and HCl + BaOl-, no such .stabilisation is 
observed. 

(4) It has been sliown that the nature of the stabilisation 
observed in the case of copper ferrocyaiiide sol iji presence ol‘ 
KiFe(ON),. is similar to that obS(u*ved by other investigators in 
the case of ASv;vS,* sol and KOI, LiOl or HCl. This is also the 
case with mastic, As^.S HgS and CnS sols in presenci> of OH" 
ions, and Fe(OT-T) .. Al(OJl) , and Or(OH) , sols in presence of 
acids. 

l5) TJie view has batm r>ut forward, that in the majority 
of cases stiKlied, the .so-(*ailled antagonistic effect between pairs 
of salt.s is really due to the stabilising eilect of tlio ions cl,iargt:?d 
oppositely to that of the precipitating* Ion. In no case it has 

been prova/d that tin? antagonistic effect is purely cationic, laid' it 
is probabh* that in soiiu^ erases, a joint action of tlio anionic ami 
the cationic effect may have been observed. 

(6) The stability of the copp(3r ferrocyanide on dilution 

towards electrolytes has l)cren examined. It has been found that 
the stability slightly increases towards some monovalent and 
bivalent electrolytes, but diminishes eoiisi^lerably in presence of 
trivalent coagulating ions. 

(7) It seems probable that tin" slal)ilisation of sumo colloids 

on dilution, the antagonistic action between r>airs of some 

electrolytes on several colloids, and the plienoin<*]ia of acclimatiza- 
tion olxserved with some sols, may be explained by Ibo same 
theory ; and in all those cases, the inlluenco of ions with tin' 
same charge as tin* colloid particles possess, will have to far 

recognised as of primary importance. 
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NEW IDEAS ON SPECTRUM ANALYSIS. 

By N. K. sub, 

ITnivorsity of Allahabad. 

1. INTRO] )lTCn'TON. 

Tn the yonv 1850, Kirclioff (lis(;ovorofl ihc principles 
of specdmin analysis. Bixty-fivo years havc^ passed since 
tins memorable discovery, yet, to use the language ol’ 
Newton, it seems as if the whole ocean of specli'oscopic 
knowledge is remaining unexplored, while workers up to 
this time have only satisfied lhem.selves with the picking- 
up of pebbles on the Ijeach of the vast ocean Ijdng 
before them. 

Kirchoff’s discovery directly led to the l)i)’th of 
thr(X!i new branches in Physical Bcienc('. Ti led to the 
birth of the science* of Astrophysics, that is to say, — 
the physics of heavenly bodies, which is (mgaging in 
America alone twenty-livt> hundred full-time ^vorkors 

besides a host of amateurs. Light is the only medium 
which tells us of the island universes in space which 
we call stars, and lienee it is only natural that wo can 
get any information about them only by the analysis 
of light emitted by them. KirchofFs theory has been 

indirectly responsible for the perfwtion of the laws of 
black-body radiation, which in the hands of Planck and 
Einstein has letl to the conception of the quantum thcfay 
of energy radiation. 

Kirchoff’s theory tells us that each atom may be 

compaml to a musical instrument. As a musical instru- 
ment emits a note characteristic of itself, when tuned 
properly, so each of the ninety-two different kinds of 
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iitoms omits a series of ^^brations in {letlier. These 
vibrations do not affect our ear’s, but our eyes, and we crill 
them light Light of Ji particular colour is an electromagnetic 
distui’bance in letlior, of which we can measui’O the exact 
wave length or frequency. Besides ordinary light, which 

extends from red (wave length=7 X 10“ ' cm. approximately) 
to violet (wave lengtli=4XlO * cm approximately) we may 
have light of any length longer than the red (infrai’cd) 
and shorter than the violet (called ultra-violet). Kirchoff 
was the first to rei’Ognise that each different atom gives 
a number of lines characteristir; of itself, so that from the 
presence of these lines in a specimen which is excited either 
by heat or electricity, we can detect the element in that 
specimen. Tin’s leads to a very powerful method in 

chemical analysis for detection of elements. The apparatus 
by which this analysis is carried out consists of a triangular 
prism of glass by means of which the line source of light 
is di’awn out into a band called the spectrum; hence this 
method of analysis is called “ spectrum analysis. ” 

We have compared the atom to a musical instru- 
ment producing vibrations in lether, but it was apparent 

even to the earlier workers in spectroscopy that the instrument 
must have been very complex. A tuning fork emits but 

a single note. A stringed instrument will emit a 

fundamental note, with a number of other notes, related 
to it in simple numerical ratio (called scientificfdly upper 

harmonics), but an atom like that of iron emits no less 

than 4,000 lines in the \’isible region, and no less than 
7,000 lines, if we include those in the infrared and in the 
ultra-violet regions. Each of these lines corresponds to a 
different note in sether. Even hydrogen, the simplest of 
elements, is known hj emit many lines. These circum- 
stances led the great American physicist, Henry Rowland, 
to exclaim that the atom must be more complex than a 

grand piano ! 
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The labours ot! spectroseopists after Kirchoff have 
been mainly directed to the excitation and (jareful measure- 
ment of the wave lenghts of the characteristic lines of 
different elements. These data are now available in the 
great dictionary of a spectroscopy compiled by Kayser, Runge, 
and Konen in Germany in seven volumes, and yet it 
appears that the subject, is in m) way exhausted. Every 
year new additions are being made to our knowledge of 
the .spectra of elements and Kayser ami his co-workers are 
compelled to issue fresh volumes in order that tlieir great 
dietionaiy may not get out of date. Photographs of spectra 
are also available in the famous serie.s editetl by Eder 
and Valenta or Exner and Haschek. 

From the year 1880, physicists have been trying to 
find out some law which connects the different lines of 
elements, but the first success was reserved for a Swiss 
school-mastei* named Bahner, who discovered the fomous 
law now known after his name. Hydrogen gives four 
lines in the visible region ; one in the retl, one in the 
green, one in the blue, and one in the violet Bahner 
pi’oved that th(;se four lines are expressed by the simple 
law, — 



where m = 3>, 4, 5, 0. The great importance of Bahner’s 
work was at once recognised, and many other scholars 
turned their attention to this problem. Mention may be 
made of Rydberg in Sweden, Ritz in Switzerland, Kayser, 
Runge, and Paschen in Germany, Fowler and Hicks in 
England. 

These inve.stigation.s, which were purely crapii’ical, 
stand to the theories of atomic structure in the same 
relation as the celebrated laws of Kepler stand to the 
Law of Gravitation, The following sections will give an 
account of these investigationa 
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L>.--KABT.Y ATTEMPTkS AT GENERALISATION. 


Amongst tlxe onrliest worker.-^, the foremost names 
are those of Rydherg and Ritz who occupied themselv'es 
with the alkali metals Na, K, Rb, Cs, These elements 
show spectra having similar constitution. The lines in the 
case of Na consist of close doublets having a constant 
frequency difference. Some of these pairs are sharp and 
others are diffuse in appearance. Rydberg prov^ed that all 
these sharp lines can bo arranged in :i series, and the 
diffuse lines in another series. He also proved that the 
frequency of each of these lines can be expressed, as the 
difference of two terms according to the following formula? : — 

r 1 1 „ ] 

L(2 +?’) ■ {/a + n ) " J 

for sharp series; ru varies as 2, 8, 4, 5, CK', and 


for diffus(i series. Hero ni varies as .‘1, 4, 5, et(t.; 
p, .s>, d .are fractions liaving definite vailues for a definite 
element. Asjrj has got two values andjp,, and similarly 


tl has two values d^, so that 




) 


constitute the constant frequency difference. Rydberg further 
pointed out that the constant R liad the same vaalue as 
that obtained from Balmor’s formula. 

Ritz (‘arried out the work further and from the analysis 
of the .sjjectra of the alkaline eartlis showed that R is 
very nearly a universal constant. In honour of Rydberg, 
it i.s now known a.s the Rydberg constant. The other 
alkali elements show a structure similar to that of sodium, 
but the constant frequency difference increases with the 
atomic weight. In fact this metliod can be utili.sed to 
c.alculate very roughly the atomic weight of elements as was 
done by Runge and Precht when radium was first discoverd. 
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Besides the sliai'p and diffuse lines we have got a 
group of very strong lines including the strongest lines 
Di and D* of the whole series. These ciin be arranged 
in a series representated by the formula 

^ t (i+s)“ (iii+piY ] 

where i =» I or 2 and m — 2, 3, etc. This series is known 
as the principal series of linos. That they ai*c of more 
fundamental importance than other lines was proved by 
a series of experiments ciUTietl out by tv. W. Wood in 
America. Wooil studied the absorption spectrum of Na; — 
that is to say, he allowed a beam of continuous light to 
l>ass through Na — vapoui- and producetl the spectrum of 
Iransinitted liglit by a spectros(Di)o. He found that the 
spectrum was crossed by dark lines, the wave-lengths of 
which were exactly the same as those of the lines belong- 
ing to the principal series. No line of the sharp and 
diffuse series was obtained in absorption. Bevan extendetl 
the work to the spectra of other alkali eleincmts, mid 
contirmal Wood’s observations that only lines the 

prini'ipal series arc ahsorbed by the vapours of the clcmcnls. 
It, may l)e noted in this conne(?tion that tliu lre(iuency 
ililVercnces of the component, lines of the principal 
series decresise to zero as the limit of the siaies is 
approachetl ; also the difference between the limit of the 
principal series and the two common limits of the 

iliffiise and sharp series is equal to the wave number of 
the first line of the principal series. This law was 
simultaneously discovered by Bydberg and Sclmster, and 
is sometimes referred to as Rydberg-Schuster Law. 

3.— THE COMBINATION PRINCIPLE. 

The principle discovered by Ritz that the frequency 
of each Ihie can be expressed as the difference of two 
terms is of great importance in spectroscopy, ami is 
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known as the Combination Principle. Briefly speaking, 
it states that an atom may possess several groups of 
series of terms, the terms of one particular group follow- 
ing each other in a natural sequence, ami arc functions of 
the successive integer 1, 2, 3, etc. The scheme is best 
represented in figure 1. 

Here ms stands for > “T'x* 

(/a+.s+A) 

where s and are fractions which are constant for 
id! value.s of r,h. The formula is only approximate, and 
many alternative forms liave been proposed. 

The frequency of a line is obtained by taking tlie 
fUfferenco of any two terms but all combinations are not 
possible, (he comltinations known being shown by arrows 
in the figure. 

From the ai rows it will be seen that a term on any 
one of the liorizontal rows can be combined only witli 
a term either immediately on the upper t)r on the lower 
row. It cminot lie combined wth a term on the same 
row or with term.s two steps higher or lower. Again 
each one of the p, d, or /- terms may be single as in 
the case of the so-called Par-helium, double as in the 
case of alktilies or treble a.s in the ca.se of the alkaline 
earths, which wo shall take up later on. It is to be 
noted that R retains very nearly the same value for sill elements. 


'rilEORY OF THP: HYOROCIEN 
SPECTRUM. 

We have already mentioned that the labours of 
Rydbcig and Rilz may lie compared to tho.se of Kepler 
who paved the way for Newton. The Newton of atomic- 
phy.sics is Niels Bohr of (>^opcnIuigen, who in three 
epoch-making papers publi.shetl in the years 1913-14 





NEW IDEAS ON SPECrrElIM ANAI^YSIS 


. 401 


Hrst unrcivelled the inysteiles of the atom. According to 

the okler conception, the atom was the ultimate unit of 
matter. It was supposed to be furtlicr indivisible and 
unalterable in properties. Thanks to the labours of 

Clausius, Maxwell, and Bolticraann, methods were evolved 
which enabled the scientists to treat the atom as a real 
physical entity and not as a purely philosophical 
curiosity. They could wilculate the mass, the radius, and 
to a cerhrin extent the shape of eacli individual atom. 
It was estimatal that the mass of the lightest atom of 
matter, namely, the hydrogen atom was I'GoX 10 gm. 

and the I'adius was of the order of 10 ' * cm. 

In 1895, Sir J. J. Thompson of Cambridge discovered 
a much smaller constituent of matter vh., the electron. It 
was found to have a muss of 1/1850 of tlie atom of 
hydrogen, and was found to be always associatetl witli a 

constant negative charge of 4'77 X 10~*® E. 8. U. 

Thompson found that this electron or the atom of negative 
electricity was a universal constituent of all matter. The 

discovery of the electron made it abundantly clear that 
the atom must be very complex — an opinion which had 
already been put forward by RoAvland. Since all atoms 

jue electrically neutral, they must contain equal quantities 
of positive and negative electricity, but all attempts to 
discover the positive electron failed. It was found that 
all positively charged particles had a mass comparable to 
that of the atom. 

Lord Kelvin and following him. Sir J. ,J. Thompson 
were of opinion that the atom consisted of an inner 
positively charged shell surrounded by a number of elec- 
trons. In 1904 Prof. Nagaoka of Japan proposed a very 
revolutionary model in which it was supposed that the 
atom might be comparal to a planetary system, the 
positive electricity occupying a very simdl space in the 

system just as the Sun does in our solar system and the 
51 
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electrons revoh'ing <it distances like so many planels in 
their proper orbits. The hypothesis was first put to crucial 
test by Prof. Rutherford of Cambridge. He bombarded the 
atom by swiftly moving particles which are obtained from 
radio-active bodies. They consist of very heavy masses cluuged 
Avith two units of positive electricity moving with enormous 
velocities. Mass for mas.s, they constitute projectiles possessing 
the largest amount of concentrated kinetic energy. Ruther- 
ford and his students found that when these particles are 
sent through the atom, most of them sufier very little 
detlection, but a minute fraction, s:iy one in two thousand, 
is returned to the same side from which they are projected. 
This shows that the centre of the atom must be a source 
of very intense positive electric forces, and it oaaipies a 
very small space. The nucleiir theoiy of the atom, as this 
con(«ption is frequently styled, has now been placed on 
a sure foundation. Methods have been developed by means 
of which we can now mcjisure the central charge as well 
as ctin have a rough idea of the space it occupies. We 
can also find out the number of electrons contained in 
any atom. These experiments prove that the nuclear 
charge equals Ac, where A is the ordinal number 
defining the position of element in the periodic 
table; an equal number of electrons revolve round tliis 
positive nucleus and are grouped in dillerent concentric 
shells. 

When these iJetis were just taking a delinite shape 
and have not yet secured general recognition among 
scientists, Bohr worke<l out on their basis a theory of 
hydrogen spectrum, which has now become classical. We 
have already noted that the spectrum of hydrogen is the 
simplest and its series regularity is given by 
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where «t=8, 4, 5, 0\ Bohr supposed tliat the liydi*ogen atom 
consists of a positive nuelens (it may also he eonsidei’ed 
to be the positive electron or proton, but the essential 
distinction is to be notetl that the mass is about 2,000 
times as large as that of the ele(tron) about which the 

electron revolves in a (iircular orbit v’ery much in the 
same manner as the Earth revolves round the Sun. The 
controlling force is of electrical origin and is equal to 

y 

where r is the distance of the electron from the nucleus. 

This single datum alone does not enable us to determine 
the orbit; it must be supplemented by further hypotliesis. 
In the case of planetary orbits, the conditions are prescribed 
by an initial velocity and an initial angle of projoiitiou, 
but this procedure is not possible in the present (uise. 
With characteristic boldness, Bohr introduced two hypotheses 
from the quantum theory which has been developed in 

Germany by Planck and PJinstein. This thcHiry states 
that Kidiant energy is also atomic in structure, it being 
propagatetl in space in conc«ntrated cells, having the 

enei'gy-content h v where x is the frequency of light 
vibration. Nicholson had notal that h has got the same 
dimensions as moment of monumtum, torque or turning 

couple. Bohr grasped the idea and put this turning couple 

of the electron round the nucleus eqjial to where n 

is an integer. This enabled him to calculate the energy of 

the .system which came out to be ^ " • 

Now n is a number which is rather userl arbitrarily. Bohr 
supposed that the electron can rest in dynamical equilibrium 

' 35 lines corresponiliiig to values of m higher than 6 have 
been obtained by Mitchell, and by Evershed in the solar chro- 
mosphere, and about 20 have been obtained in the laboratory 
by Wood, 
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in an infinite ninnber of ineta-stablc oi‘)>its characteriseti by 
tbe letters n—\, 2, 3 etc;., the radius of an orbit being 

proportional to where ’ It 

that the energy diininishes as n diminishes. When the elec- 
tron falls from any^ one of the outer to any one of the 
inner orbits it loses its energy which is propogated in 
space in the form of a pulse of light of energy h y = 
Wj - — W;, Wy being the energy in the final state and Wj 
in the initial state. Substituting the value of W. 



if we put w=2, the formula reduces to the same form 
as that of Balmer. It now mmains to be seen if the 

constant — lias the same value as the Rydberg cons- 
tant. Now the Rydberg constant is obtained in a purely 
empirical way from spectroscopic data. The constant occur- 

ring in the term — namely e, m, h are obtained from 

quite different series of experiments, c being obtainal from 
electrostatic experiments of Thomson and Millikan, ejm 
being obhiined from deflection of withode particles in cross- 
ed electric and magneti(i fields, and h is obtainal from 
measurements of radiation from a perfectly black body. 
Th(;se phenomena are entir(‘ly unconnected, yet Bohr found 

that the expression - '-^-- came out to have exactly the 

same value as the Rydberg (constant R. A great trait of 
master minds is to find out the fundamental unity between 
disconnectal phenomena, and Bohr has surely scorol a 
great triumph in conna;ting so many diverse branches of 
physics as electron theoiy, spectroscopy and the theoiy 
of radktion, thus placing the electrical theory of matter 
on a firm and unassailable basis. It is not pissible here 
to give even a summary account of the great revolution 
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in ideas which has been brought about by Bohr’s gi’and 
discoveiy. We shall c!onfino ourselves only to spectros- 
copy. 

Bohr’s theory explains not only tlio hydrogen 
spectrum but gives a general explanation of spectra of 
all elements, and enables us for the first time to explain 
the Combination Priniciple. An atom of sodium consists 
of a nuclear charge of 11 with eleven electrons moving round 
it It is believeil that the outer-most electron revolves 
at a greater distance than the others, and determines 
the chemical and spectroscopic properties of sodium. 
This electron possesses a number of stable orbits similar 
to that of hydrogen, but it is not possible to calculate 
the form of these orbits nor the energy — content in 
them, because the problem is one of great mathematical 
difficulty. The case of liydrogen is very simple because 
we have to find out the motion of one single electron about 
the nucleiLS. Here we have to find out the motion of 
the electron in the combined field of the nucleus and 
ton electrons. This is the celebmted problem of n bodies 
which has defied the attempt of all mathematicians 
for two centuries and a half since the days of N<nvton. 

Still a sort of general explanation was given by 
Bohr and fully developed by Prof. Sommerfeld of Munich. 
Extending the idea developed in the theory of hydrogen 
spectrum, Bohr maintained that the enoigy of any particular 
line is simply the difleronee between the oncj'gy (.‘ontents in 
the two stable orbits. I'his (‘xplains the (^mbination 
principle in a very admirable manner. Sommerfeld 
showed that the orbits, even in the ease of hydrogen, may 
not only be circular but may also be elliptic, just fus 
the orbits of planets may be ellipses of varying ecamtri- 
city. The mean angular velocity of the electron in the 
orbit is determined by !a quantum number k, which 
is known as the rotational quantum number, but the 
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eoeentricity of llie orbit is tletermined by another quantum 
number n tlie energy fieing equal to (in tlie case of 

hydrogen) 

Extending the idea to the alkali elements, Somnier- 
feld coukl easily explain the multiplicity of terms in the 
sodium atom. Each term now represents the energy in a 
definite meta-stable orbit and every group of terms 
correspond to one group of orbits having one factor in 
common. According to Sommerfeld all the .s- terms have 
got the rotational (juantum number 1, all the p terms 
have the rotational number 2, the d terms .3 etc. The 
combination diagram is now reduced to a diagram of 
energy hivels, charaetensed by the quantum numbers, n, k, 
where n is the total quantum number and k is the 
azimuthal quantum number. (Fig. 2.) 

It may be noted Unit Sommerfeld’s theory offers 
no explanation for the multiplicity of the p, d, or / tenns 
i.e., Avhy we have two p’s, pi and p,, two d’s, r/, and 
dt etc., in the case of the alkalies. 

5.— SPECTRA 0¥ ALKALINE EARl'HS. 

It is now our object to show how these ideas have 
helped us to elucidate the regularities in the .spectra of 
elements of the other gi'oups. Thi.s is not an easy matter, 
because the number of terms is enormously increasefl, as 
we go to elements of the higher groups of tbe periodic 
table. Long before the advent of Bohr’s theory, the 
spectra of the alkaline earths had been classified into 
series. It was found that the lines could be gioup- 
ed in thi-ee distinct classes : — a triplet aeries, a singlet 
series, and a doublet series. The singlet .series is just 
like that of hydrogen, every line being single. The 
doublet .series has the same constitution as the lines of 
the alkalies, two lines always occurring in pairs separated 
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by a consUint frequency difference. Ijike those of alkalies 
they could be classified in groups of s- terms. The triplet 
series is more difficult to explain. Briefly speaking, three 
lines always occur associated together with constant fre- 
quency different;es between them. Analysis shows that 
there is one set of s- terms, three sets of p- terms, three 
sets of d- terms, and three sets of /- or b- (Bergmann) 
terms. Combination between the terms is always regulated 
by certain laws. We shall speak of these combinations 
later on. 

l^efore proceeding further, it is necessary to explain the 
connection between different groups. The lines of the singlet 
and the triplet series are found to be always associated 
together. They occair at the lowest stimulus, and they have 
got tlie same Kydberg number* R. But the doublet series stand 
on quite a different level. Tiockyer first showed that these 
lines are obtained with a stimulus greater than that required to 
excite the linos of the singlet and the triplet series, and the 
Rydberg number is not R but 4B*. The explanation was 
given by Bohr. According to him these lines are not due to 
the ordinary calcium atoms, but are due to atoms which 
have lost one valency electron and have acquired a net 
positive charge of one unit The motion of the electron 
in such a system takes place under a net nuclear charge 
of two units, tuid remembering that the Rydberg number 

is equal to - - , we see that the Rydberg 

number is equal to 4R if wo put E=2e. Here E 
denotes the charge of the nucleus. The conditions of 
excitation also support this view. It must be sufficiently 
strong to tear oft* one electron and excite the remaining 
valency electron to luminescence. The doublet series cjin 

’ This fact was Hi'St tUscovered by Prof. iV. Fowler in the 
analysis of the spark spectrum of magnesium, and later extended 
by him to the doublet spectra of calcium, barium, and strontium. 
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therefore be treated diftercntly from the siiiglet and triplet 
systems for it is diu; h) an essentially different system. 
In this connection Sommerfeld and his student Kossel 
arrived at a generalisation of far reaching consequence and 
destined to play a great part in the future development 
of spectroscopy. Now calcium is different from potassium 
in having two valency electrons while potassium has got 
one. Eut when etdeium loses one electron, it becomes 
similar in constitution to potassium witli tlic dilferemje 
that the net nuclear charge is now two units. Therefore, 
according to them, the spectrum of Ca+ will be similar 
in constitution to that of K, but the Eydberg number 
is 4E instead of R. Generalising this conclusion, they 
formulated the DisphuHiinent Law in spectroscopy, which 
may be thus stated : — When an element loses one, two 
or more electrons, then as far as its spectrum is concerned, 
it becomes similar in constitution to that of the element 


preceding it in the 
positions. Thus : — 

periodic table 

by 

one, 

two 

or more 

The spectrum of Ca+ 

is similar to 

that of 

K 


„ „ AP- 

n n w 

>5 

yy 

Ca 

(R = 4N) 

„ « AV- 

+ 

?j n 

yy 

yy 

K 

(R=9N) 

„ „ Si " 

jj 

yy 

yy 

A1 

(R«4N) 

„ „ Si-" ' 

jy yy 

yy 

yy 

Ca 

(R=9N) 

„ „ Si-" ' 

■ 'H 

yy yy yy 

yy 

yy 

K (R=1GN). 


These predictions were made by Kossel and Sommer- 
feld in the year 1919, and they have been fully verified 
in recent years by the works of Fowler on the spectrum 
of Si ' , Si ' ' , Si++ ;md by the works of Paschen on 
the spectra of A1+, A1++. 

Recent works by Millikan, Meggers and Russell, 
confirm the validity of the hiw regarding the spectra of 
8c+, Ti+, V+, Cr+, Fe+, &c. 
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Turning now to the spectrum of calcium proper, we 
liave already stated that it can be grou^ied in a triplet 
and singlet system with inter-combination between the two. 
The scheme of the composite triplets is shown in tlie figure 3. 

It is to be noted that pi<p^ <pi and di <c?, <d!s 
and the combination between the p and d terms occur in 
the following manner : — 

Pi—di 

Pi—di 

pi — (h 

Pi—d-, 

p,~d, 

P»—d» 

The combination may be schematically thus re- 
presented : — 



d. 

r/a 

d^ 

Pti 

X 



P2 

X 

X 



X 

X 

X 


The crosses represent the lines actually observed. 
The df combination is thus represented: — 

1 /a /, /. 
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The following illustration of the above are taken 


from spectra 

of ciilciimi and barium from 

Fowler’s Eeport 

on Series in Line Spectra. 



Calcium, 




11556*4 

11552*6 

11.547*0 


fh 

d. 

dx 


1 

1 (9) 



.34.146‘9 p., 

22590*5 




4425*43 




(8) 

(9) 


.34094‘6 P-, 

22538*2 

225420 



44.35*67 

4434*95 



(3) 

(5) 

(9) 

339887 px 

22432*3 

22436*1 

22441*7 


44.56*61 

4455*88 

4454*77 

Barim 

V. 




7426*8 

7412*8 

7398*6 



A 

f, 


(8 \i) 



32995-6 rf. 

2.5568*8 



1 

3909*92 




(6) 

(8R) 


32814*1 d. 

25387*3 

25401*3 



3937*88 

3935*72 



? 

(6) 

(10 R) 

32433*0 di 

25006*2 

2.5020*2 

2.5034*4 


3997 92 

3995*66 

3993*40 
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6.— MULTIPLETS.— CATALAIT’S WORK. 

The next great achievement in spectroscopy is the 
classification of tlie lines of manganese, which was 
completetl by Dr. Catalan of the University of Madrid in 
Spain working in the laboratory of Prof. Fowler. Cabilan 
was the first to introduce effectively the idea of 
multiplets, which is a generalisation of the type represented 
by the 'pd combination in Calcium. He found that the 
number of assocaated terms in the p oi* d groups may 
be as large as 4, 5, b etc., in the case of elements of 
higher groups of the peiiodic table instead of as in 
the case of Calcium. Catalan’s idea was taken up 
vigorously in Germany, and America, .and the classification 
of the spectra of chromium, and molybdenjim by Catalan 
himself, vanadium and iron by Ijaporte in Germany and 
of titanium by Kiess and Kiess in Ameri(!a followed in 
quick succession. As the laws of these combinations have 
been veiy elegantly worked out in a paper by Lande, 
we shall not speak of these works in .advance, but 
proceed straight to an exposition of Lande’s theory. 
It might be mentioned that the theory is the lesult of 
a mass attack on the pai*t of the Sommerfeld school, 
including, Ijesides Prof. Sommerfeld him.self, his students 
Heissenberg, Tjande, Gieselei', lAiporti? and otheis. They 
introduced tlie idea of an inner quantum number to 
explain the coml)ination of sots of terms belonging to 
different groups, 'rims according to this scheme, the 

distinction between terms lie in their 

having different inner quantum numbers ; these inner 
quantum numbers define the motion of the valency 
electron as influenced by the inner ring of electrons, and 
are shown to have a very intimate connection with the intra- 
atomic magnetic field. They .are therefore of great importanc*e 
in determining the Zeeman .splitting up the lines in the 
presence of an outer magnetic field, but space does not 
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permit us to si)eak in (ietnil of tlie application of these concep- 
tions to the problem of anamolous Zeeman effect. F'or />,, 
> = 2, for y=l; for p^, J = 0; if j denotes the 

inner quantum number. For d^, d^, the values of 

y ai'e 3, 2, 1 respectively. Thus modifying the pievious 
scheme we can re-write it as: — • 


2)a, U X 

3 » 1 X 

Pi. 2 X 


d, 

9 


X 

X 


d, 

3 


Lande inti’oduces the notation n\j to denote the 

characteristics of a particular term. The running number 
n represents the tobd quantum number, k the rotational 
or azimuthal quantum number, j the inner quantum 
number smd r denotes the trunk quantum number or the 
permanent multiplicity of the term. Thus for singlets, r=l, 
for doublets r==2, for triplets r=3, and so on. The Principle 
of Selection, goveining the combination between different 
terms, for the various quantum numbers is thus represented: — 

' v-\-^ 



with the exclusion oi 
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The set of terms in each one of the p, d, or / 
groups ai'e represented in the following scheme : — 

Table I. 

I’he Terms, n'kj 



Singlets. 

Trijilets. 

Quintets. 


ajo 


Vi® 

><12 

Odii 

>^21 

H20 ><21 >«22 

«21 ><22 »23 

multiplets. 

i ««a 

>>82 ><82 »33 

»HO »3l »32 ><8S >>34 


^^48 

j/fa nis ^44 

»41 »42 »43 »44 »46 


Doublets. 

Quartets. 

Sextets. 

Even 


«12 

»18 

multiplets. 

n%i Uas 

« 2 i »aa nta 

»i2 »23 »24 


nU «33 

asi J/fa n%a n%4 

»31 »§2 »83 »|4 »S5 


2 > 2 a ) 2 

ft 4,4, ft 44 

ata ^43 n44 n^a 

»41 >>42 »4S »4 4 »4« »46 


Table IT. 

Comparison between the old and new notation. 


71$ tip 7ul 71$ /fp^ tip 2, yd I yd 2 t ^'^^3 

w{o '-^^21 ^^32 ^'^11 ^?22 '^^83 ^^32 ] ^^22 ^^21 ^^20 ^^83 -^^82 ^^81 


Lande also gives a rule which enables us to deter- 
mine the ratio between the different frequency differences 
of a particular set of terms. That there is some regularity 
was noticed even by earlier workers. VVe shall illustrate 
it from the alkaline-earth metals. 

Thus for Mg, -2p,= 409: 2ii:,-2p^= 19'2::2: 1 
Ca, 2jo,-22).=105‘9; 2p,-2lH= r)22::2 : 1 
Sr, 2iJ*-2/;.=394'2 : 2iJ3-2iJ. = l.S6-8:;2‘ 1 : 1 
Ba, 2;}«-2iJ,=878’2 : 2iJ3-2p,-370’4: ;2' 3 : 1 




d“ terms 


414 


ALLAHABAD UiSTVERKlTY JOUBNAL 


If we take the difference between the corresponding 
d tenns we liave, 

Ca, ;W«-3rf,= 2r5: 13‘6::3:2 

■ Sr, .•W,-3rf>= 1)9-6 : 59-3;; 3-4 : 2 

Ba, 3r/.,-3(ti:^380'8 : 3(t;, -3</, = l81-i;; 1 4‘2 : 2 


Generalising tliis scheme, Lande proposed that for 
even multiplets 

r=2, 4, (), etc. 


Ki - n\i): K: - wlfj): ( - n\i) 

2 2 ■ 2 


=3:5:7 


and for odd multiplets r=l, 3, 5, etc. 

( W/fco “ ■ ( ^*'*1 ■“ ^h) • ( ^*2 ~ ) 

= {(l+^r- H)“} : {(2+.^)‘-(l+ir} : {(3 + i)'-(2 + 4)"-} 
= 1:2:3 


An illustration of Lande’s classification is afforded 
in the spectrum of manganese. The spectrum of manganese 
according to Catalan consists of quartet, sextet and octet 
groups. Taking the quartet system we represent the com- 
binations in the following diagram : — 

The illustrations are afforded in the following tables : — 


/- terms. 

118-33 172-74 234'74 



(5) 

2097671 


(5) (6) 

21147 10 2097425 


(1) (7) (8) 

21399-57 21226-83 2099209 


99-31 


170-39 


252-38 


1 


nja 2 


Ua3 3 


ut« 4 I 


(4) 

20995-81 

(4) 

21095-12 


( 2 ) 

2126543 
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Lande’s rule is thus illustrated: — 


252‘t) : 
234-7 : 


170'3 • observKl 

7 : : 3...calcnlat(*d iiccordiny to Lande 

17 p,o. iiQ-A— observed 

'•> ; 7 : 5... calculated according to Lande 


Another illustration is given here from the spectrum 
of iix)n, classiiied by Laporte into triplets, quintets and 
septets. 


QuhUei system 


i 


p 


n5, 1 

263-7 I 

412-9 
U§3 3 


1 


d' 

90-0 184-2 2881 416-0 


fiao 


Ha 2 

H'3 3 


0 

___ 1 

2 

3 

4 

(40) ■ ■■“' 

(60r) 

(.5tb’) ~ 



28754-6 

28844-6 

29028-8 




(40) 

(70>-) 

(75r) 



28880-9 

2876.5-1 

29053-2 



(20) (lOOr) (l.'iOr) 

283521 28640-3 29056-3 


Interv<al Rule : — 


Ad’ ; 89-9 : 184-1 : 288-1 : 416-0=fi 


r8 : ^ 2 ^ 2 . 4 . . .obse rve d 
2 : 3 : 4... calculated 


AiJi ; 26:r7 : 412'9 = 


1.9 : H 

2 : 3.!.caiculatcd according to Lande 


The intensity rule may be inUoducal at this .stage. It 
states that among the three possible ti-ansitions of j the 
strongest line arises from the change in j which parallels 
the change in k, and the intensity diminishes in 
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the order that the transition of j deviates from that of 
k. This rule is also well illustrated in the above tables. 

ft is not possible to give a dehiilal account of the 
works which have been done in rec.ent years, viz., the 
work of Catalan on INIn, Mn, '■ Cr, Cr, ^ Mo, Sc, and 80+ 
(the last two being fmgmentary), the work of Laporte 
on vanadium and iron, and the work of Kiess and 
Kiess on titanium. The spectra of the elements in the 
third row' of the periodic table have been more or less 
completey classified with the exception of cobalt and nickel. 
The multiplicity which have been observed are presented 
below. 


! ; 1 

K Ca Su 1 Ti Va 

1 ! 

Cr 

1 

' Mn 

Fe 

(Singlet) 

Triplets 

[Doublets. Si iij'lets. Doublets. Singlets (Doublets). 

l(Singlcts); 

(Doublets) 

i Triplets 

i Quartets 
Sextets 

Quintets 

‘Triplets, Quartets. iTriplets. Quartets 

Quintets 

Septets 

1 jQuiutets. feextets. 

! I 

Septets. 

Octets. 

(Nonets). 


The system enclosed within brackets have not yet 
been observed. 


7 . -THE IONISATION POTENTIAL. 

In the early work on spectral series, it was supposed 
that the biggest term corresponding to the lowest or 
normjil energy level was always an s- term, the p-, d~, f- 
and q- terms successively decreasing in value. From the 
highest term number multiplied by h, the ionisation 
potential in volts, or the amount of energy which ^ must 
be given to the outermost electron to separate it from 
the atom, can be easily obtained from the usual relation, 


The view that the s- term is the biggest term, can 
no longer be maintained, in view of recent work. It holds 
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fjiiite woll for ilio olcmonts of the first anti second groups of tlie 
perioilitrt able, consisting of l)otli odtl and even groups, and 
they have been verilietl by Uie experiments on ionisation 
pt)tenlial, initiated b}'^ Franck and Hertz in Germany, and 
carried out by Foote, Mohlei', Horton, Davies and others. The 
following tiibles illustrate the truth of this law. 

Ressonance and Ionisation Potential. 

Groui* 


merit. 

.Vtoniic No. 

Series 

Notation. 

Li 

3 

Is 

Is — 2/)i 

Nh 

11 

Is 

ls-2yi, 

K 

19 

Is 

Is — 2p 1 

Cu 

29 

Is 

Is — 2/)! 

Kb ■ 

37 

Is 

ls-2y>, 


47 

Is 

Is — 2p 1 

Cs 

.io 

Is 

Is-2/o 

An 

79 

Is 

Is— 2/ri 

Groui 


12 

IS 

lS-2^;a 

lS-2/’ 

Cu 

20 

18 

18-2/J.. 

1S-2P 

Zn 

30 

IS • 

I8-2i>a 

1S-2P 


I. 

Volts. 



Computed. 

Observed. 

4348t; 

5.368 


14903 

1.840 


41449 

.5.116 

5,13 

16973 

2.095 

2.12 

35006 

4..321 

4.1 

13043 

1.610 

1.55 

62308 

7.692 


.30784 

3.800 


33689 

4.1.58 

4.1 

12817 

1..582 

1.6 

61696 

7..542 


3047.3 

3.762 


31405 

.3.877 

.3.9 

11732 

1.448^ 

1.48 

70000 (?) 

8 to'9 (?) 


'41174 

.5.1 


11 . 



61672 

7.613 

7.75 

21871 

2.700 

2.65 

.35051 

4.327 

4.42 

49305 

6.087 

6.01 

1.5210 

1.878 

1.9 

23652 

2.920 

2.85 

75767 

9.353 

9.3 

32502 

4.012 

4.18 

46745 

5.771 

5.65 


.53 
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Groups IT 



Atomic No. 

Series 

Notation. 


V( 

Computed 

lilts 

Observi'd 

Sr • 

:]s 

IS 

45926 

5-670 




IS — 2/)j 

14504 

1-791 




KS-2y 

2J6!).S 

2-679 


(M 

4S 

IS 

72539 

8-955 

8-92 



IS — 2v)a 

:}0(;5G 

3-784 

3-95 



1S-2P 

43692 

5-394 

.5-35 

Pa 


ts 

42029 

5-I88 




IS— 2jJ.2 

12637 

1-560 




1S-2P 

18060 

2-230 


Ha 

XO 

IS 

8417,s 

10*392 

10*2 



lS-2j;2 

39413 

4*866 

4-76 



IS -2/’ 

54066 

6674 

6'45 

Mil 

S.S 

IS 

4 -5000(;') 

5 — 5*5(?) 



lS-2y/2 

12500(?) 

r5(r) 




18-2/* 

20700(?) 

2-6(-c) 



It will bo notical thsit in the case oF the alkaline earths 
it is the IS-, term oF the singlets which has the largest value. 
The resonance lines or (he linos which appt'iir with the least 
amount of excitation are the lines Is — 2/>, or Is— 2^, in the 
cixse oF alkalies and 18 — 2p, and 18 — 2P in the case of the 
elements of the second group, 'fhey are also the “rales ultimes” 
or the ultimate lines udiich are obtained with the least amount 
of material. But the law that the 18 term has got the highest 
vahie does not seem to be true in the case of the elements of 
the other groups. In the csise of the elements of the third 
group, which have already been shown to be classified 
into doublet seri(?s, the terms having the highest value are 
2pi ami 2 j 0 ,,';the biggest s- term having a much smaller value, 
as the following table shows : — 

Eleuieut. Is. "Zp i . ■ 


Xf. 

229.33-27 

48168*84 ! 

46280*91 

Ga 

23.591*5 

47553-8 1 

48379*8 

In 

22294*8 

44455-3 i 

46667*9 

T/ 

22786*7 

41471*5 ! 

19264-2 
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It was first supposed that tlie real Is- term was still 
undiscovered and that it liad a value very slightly 
exc(iuding the 2p- terms, so that the resonance lines were 
in the infra-i’ed, hut this supposition has not bixjn 
veiified. The absolution experiments could have decided 
tlie point, but all these elements have the singular 
property of possessing high boiling points and rather low 
melting points, so that tfi obtain sufficient vapour for 
absorption experiments, vi'ry higli temperatures were 
necessary, which were difficult to obtain except probably in 
the ease of thallinin. But recently alisorption experiments 
have been carried out by Grotrian, Gibson (in the ease of 
thallium) and Caroll, and in this laboratory which show that 
at least in the case of thallium that the linos first to 
(Hiine out in absorption aie 2jo,— ni.v and 2pi — }iis so 
that little doubt now remains that 2jt>, and 2p, are the 
highest terras fixing (he ionisation potential. These 
I’esults have bam also veri 11(^1 by the experiments of 
Foote, Ruai’k and Mohler. 

Works on the other elements, which have beim 
already mentioned, have now amply proved that the Is 
terms can no longer be ?naint{iined to lie the highest 
terra. Of (iourse in the <,*ase of Mn, Or, and Mo, 
Catalan has found that the highest terms are 18- terms, 
but in the case of vanadium, the lines of which can be 
grouped into a quartet and sextet, serii^s, the highest 
terra is i-epresented liy an /- term of tlie quartet system, 
and the resonance lines oixnu- with a combination of 
this /- term with a g- term. Grotrian however suspects 
that there is besides a doublet series. In the case of 
iron, the lines of which have lieen carefully studied liy 
Lapoite, the highest terms have been found to be five 
d- terms belonging to a quintet system. The “ raies ul 
times” of iron belong to a combination of these d 
terms with either p or /- terms as illusti’atiKl in the 
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Following table. Tt may Ito noted bore tbat Grotrian, 
Angovor :ind Joos bav*‘ also obtaino<l those linos in 
ibsorption. 

A =.3 

■sjoyi i84ir) sss-os 


J 

1 






0^ — 

.. — ,1 

— 2 , 

— 

so R 
3745-900 
2G688-31 

80 R 20 R 

37;{3-319 3707-82S 

2G77S-22 269(-)2-43 



125 R 
374.S-2G4 

100 R 
3722-5G5 

20 R 
3683-0.5G 


•>GG7i-45 

2i;855-.57 

27143-GG 


ir)0 R 150 R 20 R 

;5745T)63 ;t7or>-.567 :}64y.-508 
2()G9(C(;i) 2(:0787(; 26394‘fi7 


200 R t oo R 
;57.-57-l35 ;5G7y915 
26750-,S.S 2716G‘82 

.300 R 
37 19-938 
2()874-,53 


Tn view of these disoropanoics Grotrian, now arranges 
these energy levels in a different mannei' {vide Natnr- 
wissenselmften, Heft 46, p. 9,53 Noveinhor 14, 1924). Tn 
the case of neutral titanium also, tlui lowest hivel found 
by Kiess and Kiess belong to an /- combination, though 
Meggers reports that Russell has discoveretl singlet terms. 
According to S<aha, who has got a method of fi.ving the 
proh.ablc values of ionisation [X)tential within rough limits 
finm an examination of the <;hromospheri(} spcctnnn, it 
seems to he rather improbable that it would have sikTi a low 
ionisation potenti.al as 5’4 volts. It must ho gi-ojiter th.an that 
of strontium which has an ionisation potential of 5*7 volts. 
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TjOjiving this inhwsting snhjoct for the present, in 
which there is still sufficient room for further work, we 
nijiy turn our atteution to a critical examination of the 
applicahility of the empiricsil rules of Sommerfeld and 
Lande. The selection principle fm- the rotational quantum 

^k-t 

numlx>r k. was first stated hv SommerfV?ld and 

^ k+ 1 

Rnhinowicz, by using the idea of conservation of momentum 
and energy in a light wave. Sommerfeld supposed that light, 
a.s it is emittol, is propogahxl as a splierical wave with the 
atom as (xmtre. But if this were true, there would be no 
pressure of radiant energy on an absorbing gas. But in the 
ease of (tmission of characteristic light waves by atoms, 
k]instein proved that light must be radiated as a single 
quantum in a particular direction. (Phy. Zeits, 1017). Saha 
also expressed the same view (Astro, .four. Oct. 1010), that 
both absorption and emission mii.st be directed quantities ; on 
this basis lie proposed a theory of selective radiation pressure, 
wliich accounts for (Ik; great heights of th(' resonance lines of 
calcium and other ionised elements, in the solar chromo- 
sphere. This idea has been developed by Milne with succt'ss 
(Monthly Notices of Royal Astronomical Society, March 
1924 page .954) and the avei-fige life of the (>xcit:ed 
Ca, ''atoms has be(;n found to lx; of the order of 10—“ 
secs, as demandtxl liy theoiw. In recent years A.H. 
Compton and P. Debye luive used th(> same lde;i r(;gard- 
ing X-rays ; They think (hal a pulse of X-ray has got 
//’’ 

a momentum and when this passes through matter, 

it shares this momentum with the ele(;tron. Henct; when 
the electron re-emits the wave, as scattered pulse, the 
lattei- must have .a lessei- amount of eiM'rgy and the 
scathawl riidiation must have a longer wave length than 
(he primary beam. The idea of direitted omission .and 
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absorption whioli seems to be definitely established is therefore 
opposed to Soinnierfeld’s selection principle, but a direct 
experimental proof of the violation of this principle is obtained 
in the occurren(« of lines of series combination \x — mx, vvhero 
X may stand for s’, p, d, or f. This corresponds to a transition 

number k >k, and is therefoie a diret;t violation of Sommer- 

feld’s principle, thougli a modified form of Somraerfeld’s 
principle allows this coudiination. But a more Hagi'ant viola- 
tion of tlie rule presents itself in the occurrence of lines 
belonging to combination Is — vtid, where we have got the 
transition from k to k-|-2. ft is said that according to Bohr’s 
Correspondence Principle ihest! lines may owur in an 
intense electric field. But according to the experiments 
of Duttii, Foote and Molder, Is — md lines of potassium 
and sodium oc;cur in emission and ab^rption, the 
absorption tube being heated by an ordinary fiame, so 
that the presence of any strong external field is out of 
question, Jt appears therefore that the selection principle 
^^k-l-1 

k . is not strictly (orrec^t. All that we can say that 

\k-l 

these combinations are veiy strong, anil therefoie the lines 
are moie intense than those belonging to the combination 
k ^k4-2. 

'file violation of the selection principle is also 
illustrated in the pp, dd', or ff combinations*. Befening 
back to Lande’s classlficiition, this would amount to 
saying that instead of one liorizontal row for either s, p, 
dy or fy there might be two, three or more, these sets 
do not correspond to successive values of n in 
and in the case of complex elements, the successive term 
numbers can no longer be represented by Rydlierg’s 
formula. These terms should also be diffirentiated from 

‘The- pp' combinations wen; first discovored by Saunders 
and Russell in tlic spectrum of calcium. 
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displaced ami parallel (Vorschobenc) terms, first ol)tained 
by Paschcn and Meissner, in their work on the 
spectrum of Noon, who 'pointed out that if a constant 

number was added to the terms, they could be 

represented by a Rydberg sequence. The pp' sets 
weie first obtained by Catalan in the spectrum of 

manganese, but they occur very pi’ominently in the 
spectrum of iron. Laporte calls them the dashed 
system. One such combination is taken from the 

spectrum of iron. 


f/‘ 


104'4'J 


891)r, 1.S4-11 288-04 

, . j, ^ ■ 


(60R) 

;5323;r4.'> 


4i.'>-9r, 


/ I 


215-54 - 


2'.)4-40 -j 


411-20 


(15R) 

(l{»01i) 


33l28-9(; 

.-3.-!;{i;{-()8 


‘ (80R) 

(lOOlO 

(lOUR) 

.-{2914-4.5 

.‘L509 7-53 

.•!;538,>-.54 


(lOORt 

:’.2803-lo 


(150li) 

3309ri7 


(lOOK) 

;f267;)-98 


{125Jt) 

.-}3r)07-i;} 


(200R) 

;{309.5-93 


A k~o \j — o = 0 does not occur in the above multiplet. 
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For sucJi sots of tornis Liiporte introduces the selection 
principle represented in the following diiigram i — 



iy 

0 ^ r- 


The dashed anti umlashetl sj'stenis (sets of terms) com- 
bine with another as denoted by the fidl horizontal 

arrows accoj’ding to the rule A^—o; is forbidden. 

On the other haml coml)ination between simihir systems, 

both dashed and undashed, take place according to the 

usual rule a^ = f 1 ; A^ = forbidtlen. 

In connection with spectrum of iron, we may 

idso introduexj the idea of the inverse or the verkehrte 
terms. We have seen that if we take the components 

of the triplet system say P\, Pt, (H, then applying 
Lande’s rule, these ctm be written as wj,, w? ,, n\o 

respectively. Here pi"^ P^ < oi' <n\o. 

Catidan was the first to observe that this rule is violated 
in the case of two terms of the Cr-spectrum. Sommer- 
feld was the first to point out that twenty-live terms 

of the Mn spectrum are inverse terms. An example is 
teken from the spectrum of chromium. 
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Designation of terms Value of the terms 

(according 40 Catalan) 

’ 27853 0 

2/>® 27844-8 

2p" 27839-1 

In the case of iron, Laporte found that all the terms 
are verkehrte i.e.^p^ > > p^. The occurrence of these 

inverse terms involves great difliculty regarding the assignment 
of a set of terms to the proper combination of terms of differ- 
ent groups. We Civnnot be siu-e wliether a group of lines 
is p — d or d — p, and a csise of great anomaly is already 
known in the spectrum of scfindium, in which the allocsi- 
tion of certain lines to a definite group of combination 
of terms by Catalan has not been verifietl by Grotrian in 
his absorption experiments. The author has found the 
following symbolic representation to be of great use in 
deciding whether a particular combination involves combina- 
tion between 

(a) normal — normal terms 

(b) inverse — inverse terms 

(c) normal— inverse terms 

{d) inverse — normal terms 

1. Quintet System 

I _ — i 

0 12 3 4 
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The aiTOws point to the dii-ection in which the 
fi’equency decreases. 



< j 



W|4 

<n\^ 

< I 

< 71 J j < 77" j 0 


> nj* 


(p-d) 


It may represent a combination between nomial 
and noimal d 

or n\i >n\^ 

Wj4 ^ 'W'3 3 ^ Tij I ^ Wj 0 

<n\^ 

{d—p.) 

a combination between inveree p and inverse d. 

II. 


(I 


j 



0~ 1 2 .5 4 






ri 

XXX 


p ^ 

2 

XXX 



13 

XXX 



* 


' It may stand for a combination between normal p 
and normal d. 

p<d (d—p) 

or between inverse p and inverse d 

P>d (p — d) 
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/ 

III. 

I 

, . 

y 0 1 2 .-1 4 


1 

ri 

X X X 


p i 

2 

XXX 



3 

XXX 





It may stand for a combination between normal p 
and inverse d 

p>d (p — d) 

or inverse p and normal d 

p<d {d — p) 


IV. 


d 


J 

0 

1 2 

3 ~4 

r 1 

X 

X X 


P< 2 


X X 

X 

i 3 


X 

X X 


It stands for a combination between normal p and 
inverse d. 

P<d or (d—p) 

or inverse p and normal d, 

p>d or (p — d). 
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CONCLUSION. 

We have surveyed the. subject from the time of 
Kirchoff up to the present ‘time, but spaee has not 
permitted us to defd with the region of X-ray, which 
now forms a eontinuom? sequence with tJie visible region 
on the short wave length side. The subject offers 
infinite number of problems for investigation, and probably 
in no branch of physics, the co-operation between the 
theorist and the experimeniEalist is so much requu’ed as 
in tliis subject. Sir J. J. Thompson pointed out in one 
of his addresses that even the least amount of knowledge 
about the atom ciinnot but materially aid the progress 
of science, but to obtain such knowltslge, tliere must be 
well-equipped laboratories, and money must lx; spent 
ungrudgingly on research. 
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